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This supplement to the 1995 Cassini mission Environmental Impact Statement (EIS) 
focuses on information recently made available from updated mission safety analyses. 
This information is pertinent to the consequence and risk analyses of potential accidents 
during the launch and cruise phases of the mission that were addressed in the EIS. The 
type of accidents evaluated are those which could potentially result in a release of 
plutonium dioxide from the three Radioisotope Thermoelectric Generators (RTGs) and 
the up to 129 Radioisotope Heater Units (RHUs) onboard the Cassini spacecraft. The 
RTGs use the heat of decay of plutonium dioxide to generate electric power for the 
spacecraft and instruments. The RHUs, each of which contains a small amount of 
plutonium dioxide, provide heat for controlling the thermal environment of the spacecraft 
and several of its instruments. 

Consistent with the commitment it made in the EIS, the National Aeronautics and Space 
Administration (NASA) has evaluated the information recently made available and has 
determined that preparation of this Supplemental Environmental Impact Statement (SEIS) 
for the Cassini mission will further the purposes of the National Environmental Policy Act 
(NEPA). 

The planned Cassini mission is an international cooperative effort of NASA, the European 
Space Agency, and the Italian Space Agency to explore the planet Saturn and its 
environment. The Cassini mission is an important part of NASA s program for 
exploration of the solar system, the goal of which is to understand the system's birth and 
evolution. The Cassini mission would involve a four-year scientific exploration of Saturn, 
its atmosphere, moons, rings and magnetosphere. The scientific information gathered by 
the Cassini mission could help provide clues to the evolution of the solar system and the 
origin of life on Earth. 
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The Cassini EIS was made available to Federal, state and local agencies, the public and 
other interested parties on July 21, 1995. In addition to the No-Action Alternative, the 
1995 Cassini EIS addressed, in detail, three alternatives for completing preparations for 
and operating the Cassini mission to Saturn and its moons. On October 20, 1995, utilizing 
the analyses in the 1995 Cassini EIS, along with other important considerations, such as 
programmatic, technical, economic, and international relations, the Record of Decision 
(ROD) selecting the Proposed Action was rendered. 

The Proposed Action and preferred alternative addressed in this SEIS consists of 
completing preparation for and operating the Cassini mission to Saturn and its moons, 
with a launch of the Cassini spacecraft onboard a Titan IV (SRMU) /Centaur. The launch 
would take place at Cape Canaveral Air Station (CCAS) during the primary launch 
opportunity in October-November 1997. A secondary launch opportunity occurs in late 
November 1997-January 1998, with a backup opportunity in mid-March-April 1999, both 
using the Titan IV (SRMU) /Centaur. The primary launch opportunity would employ a 
Venus-Venus-Earth-Jupiter-Gravity-Assist (WEJGA) trajectory to Saturn; the secondary 
and backup opportunities would both employ a Venus-Earth-Earth-Gravity- Assist 
(VEEGA) trajectory. The Proposed Action would allow the Cassini spacecraft to gather 

the full science return desired to accomplish mission objectives. 



EXECUTIVE SUMMARY 


This Supplemental Environmental Impact Statement (SEIS) has been prepared in 
accordance with the National Environmental Policy Act of 1969 (NEPA), as amended (42 
U.S.C. 4321 et. seq.); the Council on Environmental Quality Regulations for Implementing 
the Procedural Provisions of NEPA (40 CFR Parts 1500-1508); and the National 
Aeronautics and Space Administration's (NASA's) policy and procedures (14 CFR 
Subpart 1216.3) to support the decision-making process concerning the Proposed Action 
and alternatives for NASA's Cassini space exploration mission. 

NASA completed development of the Cassini mission Environmental Impact Statement 
(hereafter denoted 1995 Cassini EIS) with distribution of the Final EIS to the public and 
other interested parties in July 1995. The Record of Decision (ROD) was rendered in 
October 1995. The 1995 Cassini EIS contained NASA's evaluation of the potential impacts 
of completing preparations for and implementing the Cassini mission, with particular 
emphasis on accidents that could potentially occur during launch and cruise phases of the 
mission, and which could impact human health and the environment. While the 1995 
Cassini EIS analyses used the best information available at that time, the 1995 Cassini EIS 
noted that NASA and the U.S. Department of Energy (DOE) were continuing to analyze 
and evaluate additional accident scenarios specific to the Cassini spacecraft and its launch 
vehicle and trajectory. In both the 1995 Cassini EIS and the ROD, NASA made the 
commitment that, should significant differences arise between the results of the ongoing 
analyses and the 1995 Cassini EIS, NASA would evaluate the information and make a 
determination regarding the need for additional NEPA documentation, including 
supplementing the 1995 Cassini EIS. Updates of the safety analyses in support of the 1995 
Cassini EIS were recently made available to NASA. NASA has evaluated those analyses 
accordingly, and has determined that the purposes of NEPA are furthered by preparation 
of this SEIS. 

PURPOSE AND NEED FOR THE ACTION 

The Cassini mission is an international cooperative effort of NASA, the European Space 
Agency (ESA), and the Italian Space Agency (ASI), to explore the planet Saturn and its 
environment. Saturn is the second-largest and second-most massive planet in the solar 
system, and has the largest, most visible, dynamic ring structure of all the planets. The 
mission is an important part of NASA's program for exploration of the solar system, the 
goal of which is to understand the system's birth and evolution. The Cassini mission 
involves a four-year scientific exploration of Saturn, its atmosphere, moons, rings and 
magnetosphere. The Cassini spacecraft consists of the Cassini Orbiter and the detachable 
Huygens Probe. 

The Cassini mission represents an important step in the exploratory phase of planetary 
science, with the detailed data that would be obtained from the mission providing an 
important basis for continuing Earth-based studies of the planets. There are five major 
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areas of investigation planned for the Cassini Mission. An overview of each area of 
investigation follows: 


• The previous Pioneer and Voyager swingby missions to Saturn obtained only short- 
duration, remote-sensing measurements of the Saturnian atmosphere. These 
measurements have been sufficient to generally determine the basic composition, 
energy balance, temperature profile, and wind speeds in the planet's upper 
atmosphere. Cassini would further investigate cloud properties and atmospheric 
composition, wind patterns, and temperatures, as well as Saturn's internal structure, 
rotation, ionosphere, and origin and evolution. The missions would involve orbits 
near the equator and the poles of Saturn so that the entire planet could be studied. 

• Titan is shrouded by dense clouds; therefore, little is known about its surface. Data 
collected by the instruments onboard the Cassini orbiter and the Huygens Probe 
would provide a better understanding of the abundance of elements and compounds 
in Titan s atmosphere, the distribution of trace gases and aerosols, winds and 
temperature, and surface state and composition. In particular, the spacecraft's radar 
would penetrate Titan's dense atmosphere and reveal the moon's surface 
characteristics. The Huygens Probe, carrying a robotic laboratory, would perform 
chemical analyses of Titan s atmosphere and clouds. As the Probe descends, the 
onboard instruments would measure the temperature, pressure, density, and energy 
balance through the atmosphere to the moon's surface. The surface properties would 
be measured remotely, and a camera would photograph the Titan panorama and relay 
the images to Earth via the Cassini Orbiter. 

• Saturn's other satellites (i.e., moons) are ice-covered bodies. Cassini would investigate 
their physical characteristics, the composition and distribution of materials on their 
surfaces, their internal structure, and how they interact with Saturn's magnetosphere. 
Of particular interest is the half-dark and half-light moon, Iapetus. The light side of 
the moon is believed to be composed of ice and the dark side possibly of some organic 
material. The data obtained by Cassini would assist in determining the geological 
histories of the satellites and the evolution of their surface characteristics. 

• The Voyager swingbys in 1980 and 1981 proved Saturn's ring system to be much more 
complex than previously realized, with intricate dynamic interactions in most parts of 
the system. The short-term Voyager studies showed a wide range of unexplained 
phenomena in the rings, including various wave patterns, small and large gaps, 
clumping of material and small, so-called "moonlets" embedded in the rings. Long- 
term, close-up observations of the rings by Cassini could help resolve whether the 
rmgs are material left over from Saturn's original formation, or whether they are 
remnants of one or more moons shattered by comet or meteor strikes. Applied to 
larger-scale disk-shaped systems, the detailed studies of Saturn's rings proposed for 
Cassini would provide important contributions to theories of the origin and evolution 
of the dust and gas from which the planets first formed. 
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The tilt of Saturn's ring plane changes as the planet orbits the Sun and the changing 
angle of sunlight illuminating the rings dramatically alters their visibility. Cassini's 
arrival at Saturn is timed for optimum viewing of the rings, during a period when 
they will be well illuminated by sunlight. Upon Cassini's arrival at Saturn in 2004 
when launched in October 1997, the tilt of the ring plane and resulting illumination 
angle would allow Cassini's instruments an unsurpassed view of the ring disk. 

Cassini would allow detailed studies of ring structure and composition, dynamic 
processes, dust and micrometeoroid environments, and interactions among the ring 
systems, magnetosphere, and satellites. 

• Saturn's magnetosphere is the region of space under the dominant influence of the 
planet's magnetic field. Cassini would carry instruments to study the configuration 
and dynamics of the magnetosphere; the nature, source, and fate of its trapped 
particles; and its interactions with the solar wind and Saturn's satellites and rings. A 
particular phenomenon of interest is the Saturn Kilometric Radiation — a poorly 
understood, very low frequency, electromagnetic radiation — which scientists believe 
is emitted by the auroral regions in Saturn's high latitudes. 

Implementation of the proposed action would also ensure that the spacecraft would 
complete its orbital tour before 2010, when Saturn's rings would present themselves 
nearly edge-on to the Earth and Sun, severely limiting the ability for detailed 
observations. 

The Cassini spacecraft incorporates three (3) Radioisotope Thermoelectric Generators 
(RTGs) to provide onboard electric power for spacecraft operation and scientific 
instruments. The RTGs generate electric power by utilizing the heat from decay of 
radioactive material. The material is an isotopic mixture of plutonium in the form of 
dioxide, along with small amounts of long-lived actinides and other impurities. About 71 
percent of the oxide mixture (by weight) is plutonium-238 (Pu-238). The three RTGs 
onboard the Cassini spacecraft contain a total of 32.7 kg (about 72 lb) of PuO : , amounting 
to 1.49xl0 16 Bq (402,000 Ci). In addition, 129 Radioisotope Heater Units (RHUs) will be 
employed to regulate the temperature inside the spacecraft and for several instruments. 
Each RHU contains about 2.7 gm (0.006 lb) of mostly plutonium-238 dioxide, amounting 
to a collective total of about 0.35 kg (0.77 lb), or about 1.48xl0 14 Bq (4,000 Ci) of radioactive 
material in the 129 RHUs. 

The 1995 Cassini EIS was made available to Federal, state and local agencies, the public 
and other interested parties on July 21, 1995. In addition to the No-Action Alternative, the 
1995 Cassini EIS addressed three alternatives for completing preparations for and 
operating the Cassini mission to Saturn and its moons. On October 20, 1995, utilizing the 
impact analyses in the EIS, along with other important considerations such as 



programmatic, economic, and international relations, the ROD selecting the Proposed 
Action was rendered. 

ALTERNATIVES EVALUATED 

The Proposed Action and preferred alternative consists of completing preparations for 
and operating the Cassini mission to Saturn and its moons, with a launch of the Cassini 
spacecraft onboard a Titan IV(SRMU) /Centaur. The launch would take place at Cape 
Canaveral Air Station (CCAS) during the primary launch opportunity of October 6 
through November 15, 1997. A secondary launch opportunity occurs from late 
November 1997 through early January 1998, with a backup opportunity from mid-March 
to early April 1999, both using the Titan IV(SRMU) /Centaur. The primary launch 
opportunity would employ a Venus-Venus-Earth-Jupiter-Gravity-Assist (WEJGA) 
trajectory to Saturn; the secondary and backup opportunities would both employ a 
Venus-Earth-Earth-Gravity-Assist (VEEGA) trajectory. The Proposed Action would allow 
the Cassini spacecraft to gather the full science return desired to accomplish mission 
objectives. 

Along with the No-Action Alternative, the 1995 Cassini EIS evaluated two other mission 
alternatives. The March 1999 Alternative would have used two Shuttle flights launched 
from Kennedy Space Center (KSC), with on-orbit integration of the spacecraft and upper 
stage, followed by injection of the spacecraft into a VEEGA trajectory to Saturn. The 
March 1999 Alternative is no longer considered reasonable at this time due to the long 
lead-time in developing and certifying the new upper stage that would be needed to 
implement this mission alternative. When combined with the significant additional costs 
associated with this alternative, the 1999 dual Shuttle alternative is no longer considered 
reasonable. 

The other mission alternative evaluated in the 1995 Cassini EIS was the 2001 Alternative, 
which would use a Titan IV(SRMU) /Centaur to launch the spacecraft from CCAS in 
March 2001 using a Venus-Venus-Venus-Gravity-Assist (VWGA) trajectory. A backup 
opportunity in May 2002 would use a VEEGA trajectory. The 2001 Alternative would 
require completing the development and testing of a new high-performance rhenium 
engine for the spacecraft, as well as adding about 20 percent more propellant to the 
spacecraft. Science returns from this alternative would meet the minimum acceptable 
level for the mission. r 

RADIOLOGICAL IMPACTS OF ACCIDENTS 

Evaluation of the recently available safety analyses has indicated that the only parts of the 
previous Cassini EIS potentially affected are the analyses of the radiological consequences 
of accidents involving a potential release of plutonium dioxide (source term) from the 
RTGs and/or the RHUs onboard the spacecraft. The environmental impacts of 
completing preparations for the mission are unaffected by the updated analyses, and 
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remain as presented in the 1995 Cassini EIS. In addition, the analyses of the 
environmental impacts of both an incident-free launch and incident-free interplanetary 
gravity-assist trajectory are also unaffected and remain as presented in the 1995 Cassini 
EIS. 

The EIS's and recently available analyses overall assessments of the Cassini mission's risk 
are similar. The updated assessment of individual mission segment accidents has 
identified higher risks for launch segment accidents and lower risks for the Earth gravity 
assist (EGA) swingby segment. Both the EIS and the updated analyses indicate that only 
a fraction of conceivable launch accidents are calculated to result in releases of PuO r 

The ongoing safety analysis process is similar to the process used for the earlier Galileo 
and Ulysses missions and has resulted in incremental improvements in the modeling and 
analysis techniques. The potential source terms are determined by using simulations to 
evaluate the response of the RTGs, RTG components, and RHUs to the defined accident 
environments. The ongoing analyses utilize probabilistic risk assessment techniques with 
computer simulation and modeling of RTG responses to accident environments, and are 
based upon safety test and analysis studies performed by and on behalf of DOE. The 
safety test and analysis studies have been performed over the past 12 years on General 
Purpose Heat Source (GPHS) RTGs and materials, and RHUs. These tests provide a 
database of the performance response of the RTGs and RHUs to simulated accident 
conditions such as high-velocity impacts on hard surfaces, impacts from high-velocity 
fragments, and exposure to thermal and mechanical stresses such as would be 
encountered in a reentry from Earth orbit or exposure to burning solid rocket motor 
propellant. It must be emphasized that for a release of plutonium dioxide (Pu0 2 ) to occur, 
the initiating accident must be followed by other events to create an accident environment 
that threatens the integrity of the RTGs and RHUs. 

Since the issuance of the 1995 Cassini EIS, the refinements in the evaluation of accidents 
and estimation of their potential consequences have resulted in revised estimates. 
Comparison between the 1995 Cassini EIS results and the updated results are presented in 
this SEIS. The 1995 Cassini EIS reported point estimates of the "expectation" and 
"maximum" cases. The expectation case utilized source terms for each accident scenario 
that were probability-weighted, and was based upon a range of release conditions 
considered in the analysis. The maximum case utilized source terms that corresponded to 
either the upper limit deemed credible for the scenario, based on consideration of 
supporting analyses and safety test data, or to a total probability greater than or equal to a 
probability cutoff of lxlO' 7 (1 in 10 million). The updated analyses used probabilistic risk 
assessment techniques similar to those used for the Galileo and Ulysses missions to 
generate updated estimates of consequences and risk. 

The 1995 Cassini EIS utilized the concept of risk as one of the key measures in the accident 
analyses. Risk, for the purpose of the 1995 Cassini EIS and for this supplement, is defined 
as the total probability of an event occurring (i.e., a release from an RTG or RHU), 
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multiplied by the mean consequence of the event (i.e., health effects described as latent 
cancer fatalities over a 50-year period within the population potentially exposed by an 
accident). With respect to the Cassini accident analyses, the total probability of a release 
occurring is determined by multiplying the probability of the initiating accident that 
could threaten the RTGs and RHUs, times the conditional probability that the accident 
will result in a release. Risk estimates for the Cassini mission (expressed as health effects) 
have been developed for each mission phase/accident scenario and for the average 
exposed individual. The updated analyses report the best estimate of consequences and 
risks. While the overall probability of an accident that could threaten the RTGs or RHUs 
during the Cassini mission is 2.8xl0' 2 , or 1 in 36, the probability of an accident predicted 
to release PuQ, is 2.8x10 3 , or less than 1 in 357. Such an accident could result in 0.089 
mean health effects. This results in an overall mission risk of 2.5xl0' 4 , or 0.00025, health 
effects worldwide. This risk level is lower than the overall risk reported in the 1995 
Cassini EIS (expected value of 1 .7xl0' 3 , or 0.0017, health effects). 

The total mission risk is distributed over four major mission segments— i e pre-launch 
(Phase 0), early launch (Phases 1 and 2), late launch (Phases 3 - 8) and Earth Gravity Assist 
(EGA). The pre-launch segment runs from 48 hours (T-48 hrs) prior to launch to T-0 
seconds (s). The early launch segment starts with ignition of the SRMUs at T-0 s and 
extends through T+143 s when the SRMUs are jettisoned. The time period from T+143 s 
to T +206 s i s not considered because there are no accidents that could result in a release of 
PuO, during this time period of the mission. The late launch segment starts at T+206 s 
and extends to the point where the spacecraft has escaped from Earth orbit. The EGA 
segment encompasses the period from Earth escape to completion of the Earth swingby. 

Pre-launch accidents were not covered in the 1995 Cassini EIS because, at that time, none 
were postulated that could result in a release of PuO r However, information recently 
made available from the updated mission safety analyses indicates the total probability of 
a pre-launch accident that results in a release of Pu0 2 is 5.2x1 0' 5 , or about 1 in 19,200, and 
could result in 0.11 mean health effects and could contaminate 1.5 km 2 (0.58 mi 2 ) of land 

above 7.4xl0 3 Bq/m 2 (0.2 pCi/m 2 ) (the Environmental Protection Agency's [EPA'sl 
guideline level for considering the need for further action). 

The total probability of an early launch accident that results in a release of plutonium is 
6. 7x1 O' 4 , or about 1 in 1,490, and could result in 0.082 mean health effects and could 
contaminate 1.6 km 2 (0.62 mi 2 ) of land above the EPA guideline level. In comparison to 
the 1995 Cassini EIS, this segment's mean mission risk is 0.000055 health effects, which 
exceeds the 1995 Cassini EIS estimate of 0.00000046. 

The total probability of a late launch accident that results in a release of plutonium is 
2.1xl0- 3 , or 1 in 476, and could result in 0.044 mean health effects and could contaminate 
0.057 km 2 (0.02 mi 2 ) of land above the EPA guideline level. In comparison to the 1995 
Cassini EIS, this segment's mean mission risk is 0.000092 health effects, which exceeds the 
1995 Cassini EIS estimate of 0.00000037. 



The total probability of an EGA accident that results in a release of plutonium is 8.0x10 _/ , 
or less than 1 in 1 million, and could result in 120 mean health effects and could 
contaminate 15 km 2 (5.8 mi 2 ) of land above the EPA guideline level. In comparison to the 
1995 Cassini EIS, this segment's mean mission risk is 0.000098 health effects, which is less 
than the 1995 Cassini EIS estimate of 0.0017. 

In addition to these new best estimate analyses, DOE has conducted a study of the 
uncertainty in the underlying test data and models used to estimate accident risks and 
consequences. This information is presented in Chapter 4 of this SEIS. 
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SUPPLEMENTAL ENVIRONMENTAL IMPACT STATEMENT 
1.0 PURPOSE AND NEED FOR ACTION 
1.1 BACKGROUND 

In July 1995, NASA completed and made available to the public and other interested 
parties, the Final Environmental Impact Statement, dated June 1995, for the Cassini 
mission to Saturn (hereinafter, denoted 1995 Cassini EIS) (NASA 1995). This was 
followed in October 1995 by the Record of Decision (Appendix A), in which NASA chose 
to implement the Proposed Action. Specifically, NASA chose to continue preparations for 
and implement the Cassini mission to collect scientific data from Saturn, its atmosphere, 
moons, rings and magnetosphere. The mission would be launched from Cape Canaveral 
Air Station (CCAS), onboard a Titan IV (SRMU or SRM)/Centaur at the primary launch 
opportunity from October 6 through November 15, 1997, and inserted into a Venus- 
Venus-Earth-Jupiter-Gravity-Assist (WEJGA) trajectory to Saturn. A secondary 
opportunity exists from November 27, 1997 through January 9, 1998, with a backup 
opportunity from mid-March to early April 1999, both using a Titan IV (SRMU or 
SRM)/Centaur launch vehicle and a Venus-Earth-Earth-Gravity- Assist (VEEGA) 
trajectory. 

The Cassini spacecraft incorporates three (3) Radioisotope Thermoelectric Generators 
(RTGs) to provide onboard electric power for spacecraft operation and scientific 
instruments. The RTGs generate electric power by utilizing the heat from decay of 
radioactive material. The material is an isotopic mixture of plutonium in the form of 
dioxide (to be referred to as plutonium dioxide, or Pu0 2 ) along with small amounts of 
long-lived actinides and other impurities. About 71 percent of the mixture (by weight) is 
plutonium-238. The three RTGs onboard the Cassini spacecraft contain a total of 32.7 kg 
(about 72 lb) of Pu0 2 , amounting to 1.49xl0 16 Becquerels (Bq) (402,000 curies [Ci]). In 
addition, 129 Radioisotope Heater Units (RHUs) will be employed to regulate the 
temperature for several instruments and inside the spacecraft. Each RHU contains about 
2.7 gm (0.006 lb) of mostly plutonium-238 dioxide, amounting to a total of about 0.35 kg 
(0.77 lb), or about 1.48xl0 14 Bq (4,000 Ci) of radioactive material in 129 RHUs. 

The EIS analyses indicated that continuing preparations for and implementing a normal 
Cassini mission would not adversely impact the human environment. The 1995 Cassini 
EIS determined that only in the event of an accident resulting in a release of plutonium 
dioxide was there any potential for substantial impacts to the human environment. 

In evaluating the potential impacts associated with accidents for the 1995 Cassini EIS, 
NASA and its cooperating agency, the U.S. Department of Energy (DOE), using the best 
information available at that time, developed an array of four representative launch 
accident scenarios and the resulting accident environments. Accident scenarios identify 
the physical events that occur as a result of launch failures and the associated probabilities 
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of occurrence. Accident environments describe the various forces which impinge upon 
the RTGs. The four scenarios were representative of accidents that could potentially 
occur across all launch phases and could lead to a release of PuO r Accident scenarios and 
associated environments were also evaluated for an inadvertent reentry of the spacecraft 
into the atmosphere during an Earth swingby maneuver of the gravity-assist trajectory. 

The four launch accident scenarios were evaluated across launch Phase 1 (Phase 1 is 
initiated at T minus zero seconds [T-0 s], with ignition of the SRMUs at the launch pad), 
through launch Phase 6 (insertion of the spacecraft into the planetary gravity-assist 
trajectory). No pre-launch Phase 0 accidents were identified that could cause a credible 
release. (For additional details regarding the accident scenarios and environments and 
the initiating probabilities, see Sections 4.1.5 and 4.1.6, respectively, of the Cassini EIS.) 

Releases from the RHUs were not considered significant when compared to potential 
releases from the RTGs. r 

NASA and DOE analyzed the representative accident scenarios with respect to the 
consequences and risks to human health (defined as excess latent cancer fatalities over a 
50-year period, beyond those normally expected to occur, within the exposed population) 
and the environment. The results of those analyses were presented in Section 4.1 of the 
1995 Cassini EIS. The 1995 Cassini EIS estimated the risk within each launch phase and 
for the Earth gravity-assist swingby to potentially affected human populations, as well as 
the overall mission risk (i.e., across all launch phases, including the Earth gravity-assist) 
to be small. 

The 1995 Cassini EIS also indicated that NASA, DOE and the U.S. Air Force (USAF) were 
continuing to conduct mission safety analyses to determine the potential for release of 
Pu0 2 in the event of an accident and the associated consequences and risks. In view of the 
ongoing mission analyses, NASA made a commitment in the 1995 Cassini EIS (see Section 
4.6— Incomplete or Unavailable Information, item 2) and in the ROD (Appendix A). 
Specifically, this commitment noted that if the ongoing investigations resulted in risk 
greater than those presented in the 1995 Cassini EIS, NASA would evaluate the 
information and make a determination regarding preparation of additional NEPA 
documentation. 

Results recently made available from the updated analyses are more refined and 
comprehensive than those in the 1995 Cassini EIS. Refined probabilistic risk assessment 
techniques, similar to those used for the Galileo and Ulysses missions, were used to assess 
the full range of accident scenarios and environments (including the four representative 
accident initiating events considered in the 1995 Cassini EIS) that could occur during 
launch of the spacecraft, as well as an inadvertent reentry during Earth swingby. The 
refined techniques used by the ongoing analyses specifically estimate the response of the 
Cassini RTGs and RHUs to the environments associated with each accident scenario 
possible for the Cassini mission. This SEIS provides the results of the updated analyses. 
As discussed in Chapters 2 and 4, while the overall best estimate of risk has not changed 
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appreciably for the mission, the variability in the updated analyses results for individual 
mission segment accidents has prompted NASA's preparation of this SEIS. 

1.2 PURPOSE OF THE PROPOSED ACTION 

NASA, in an international cooperative effort with the European Space Agency (ESA) and 
the Italian Space Agency (ASI), proposes to conduct an extended investigation of the 
Saturnian system. The Cassini spacecraft would tour and study Saturn, its rings, moons 
and magnetosphere over a four-year period. Saturn is the second-largest and second- 
most massive planet in the solar system and has the largest, most visible, dynamic ring 
structure of all the planets. The mission is an important part of NASA's program for 
exploration of the solar system, the goal of which is to understand the system s birth and 
evolution. The Cassini mission involves a four-year scientific exploration of Saturn, its 
atmosphere, moons, rings and magnetosphere. The Cassini spacecraft consists of the 
Cassini Orbiter and the detachable Huygens Probe. 

For several months, prior to its arrival at Saturn in July 2004, the spacecraft would 
perform scientific observations of the planet. The planned arrival date at Saturn provides 
a unique opportunity to have a distant flyby of Saturn's outer satellite, Phoebe. As the 
spacecraft maneuvers into its Saturn orbit, it will be at its closest distance to the planet 
during the entire mission. This offers a unique opportunity to observe the inner regions 
of Saturn's ring system and magnetosphere. About three weeks before Cassini's first 
flyby of Titan, Saturn's largest moon, the Huygens Probe would be deployed on its 
trajectory for later descent into Titan's atmosphere. The Probe would sample and 
determine the composition of Titan's atmosphere during its 2.5 hour descent and gather 
data on the moon's landscape. The Cassini Orbiter would then continue its tour of 
Saturn's system, making about 72 orbits of the planet over four years. The Orbiter would 
have about 35 encounters with Titan, about 6 encounters with icy moons of high interest 
such as Enceladus and Iapetus, and many more distant flybys of Saturn's other moons. 
The scientific information gathered by the Cassini mission could help provide clues to the 
evolution of the solar system and the origin of life on Earth. 

For details of the goals and specific scientific observations that will be made by the Cassiru 
Orbiter and the Huygens Probe, refer to Section 1.2 of the 1995 Cassini EIS. 

1.3 NEED FOR THE ACTION 

As stated in the 1995 Cassini EIS, conduct of the Cassini mission represents an important 
step in the exploratory phase of interplanetary science, with the detailed data that would 
be obtained from the mission providing an important basis for continuing Earth-based 
studies. Implementation of the proposed action would also ensure that the spacecraft 
would complete its orbital tour before 2010, when Saturn's rings would present 
themselves nearly edge-on to the Earth and Sun, severely limiting the ability for detailed 
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observations. Additional details regarding the need for action can be found in Section 1.3 
of the 1995 Cassini EIS. 

1.4 RESULTS OF PUBLIC REVIEW OF THE DRAFT SEIS 

NASA published its Notice of Availability (NOA) for the Draft SEIS in the Federal 
Register on April 9, 1997 (62 Federal Register 17216), and mailed copies of the Draft SEIS 
and the supporting HNUS document to over 130 Federal, State and local agencies, 
organizations, and individuals. The U.S. Environmental Protection Agency (EPA) 
published its Notice of Availability in the Federal Register on April 11, 1997 (62 Federal 
Register 17810), initiating the 45-day review and comment period. Additional requests 
for the Draft SEIS and the supporting HNUS documentation subsequent to publication of 
the EPA NOA raised the total number of copies distributed to over 150. 

The comment period for the Draft SEIS closed on May 27, 1997. A total of 16 response 
letters were received - 3 from Federal agencies, 12 from private individuals, and 1 from an 
organization. The comments ranged from "no comments" and questions regarding the 
ability of the RTGs and RHUs to survive reentry conditions; to questions regarding use of 
solar power, and emergency response planning. 
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2.0 PROPOSED ACTION AND ALTERNATIVES EVALUATED 

The 1995 Cassini EIS, released in July 1995, examined mission alternatives available at that 
time for accomplishing the mission objectives within a reasonable time frame, as well as 
the No-Action Alternative. In the course of developing the mission alternatives, three 
major mission components (launch vehicles, mission trajectories to Saturn, and spacecraft 
electrical power sources) were examined in detail (JPL 1993a, JPL 1993b, JPL 1994). These 
three mission components remain the principal factors influencing the development of 
feasible mission designs (mission alternatives) and are also the factors determining the 
potential environmental impacts associated with each mission alternative under normal 
(incident-free) and accident conditions. Updated information regarding the evaluations 
of these three components and their availability in determining the mission alternatives is 
provided in this section. 

The 1995 Cassini EIS examined in detail the feasible components that combined to form 
those mission alternatives; the Proposed Action (a 1997 Titan IV [SRMU or 
SRM] /Centaur launch ), a 1999 Mission Alternative (a dual shuttle launch), a 2001 
Mission Alternative (a Titan IV [SRMU] launch) and the No Action Alternative. The 1999 
Mission Alternative would have involved dual Shuttle launches in 1999, with on-orbit 
assembly of the spacecraft and a specially-designed and developed upper stage. The 
launch site for this alternative would have been either Launch Pad 39A or 39B located at 
Kennedy Space Center (KSC) in Florida. The 1999 Mission Alternative is no longer being 
considered because of the insufficient time to develop and test the special upper stage, 
and associated cost. 

Of the alternatives examined in the 1995 Cassini EIS, only the following are currently 
available to NASA: 

• Proposed Action - The Proposed Action and preferred alternative consists of 
completing preparations for and operating the Cassini mission to Saturn, with a 
launch during either the primary (October-mid November 1997), secondary (late 
November 1997-January 1998), or backup (March-April 1999) opportunities. The 
SRM-equipped Titan IV/Centaur launch vehicle option that was considered in the 
1995 Cassini EIS is no longer available. The SRMU is now fully flight-certified for 
use on the Titan IV. The first Titan IV(SRMU) mission was successfully launched 
by the Air Force on February 23, 1997. 

• 2001 Mission Alternative - This mission alternative is to complete preparations for 
and operate the Cassini mission to Saturn in March 2001, or during the backup 
opportunity in May 2002. This alternative would utilize the Titan IV 
(SRMU) /Centaur launch vehicle. 

• No- Action Alternative - Under the No-Action Alternative the mission would not 
be implemented. 
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A brief description of the Proposed Action is found in Section 2.1 of this SEIS. Changes in 
spacecraft design, the Earth swingby maneuver of the gravity-assist trajectory, and the 

range safety systems that have been made since completion of the 1995 Cassini EIS are 
highlighted. 

Sections 2.2 and 2.3 of this SEIS provide brief additional details of the 2001 and No-Action 
Alternatives, respectively. The changes made in the spacecraft design, range safety 
system and Earth swingby maneuver noted for the Proposed Action also apply to the 
2001 Mission Alternative. Additional details regarding the 2001 Mission and No-Action 
Alternatives can be found in Sections 2.4 and 2.5 of the 1995 Cassini EIS. For additional 
details of the Proposed Action, refer to Section 2.1 of the 1995 Cassini EIS. 


2.1 DESCRIPTION OF THE PROPOSED ACTION 

The following paragraphs summarize the basic elements of the Proposed Action that are 
pertinent to evaluating the results of the refined accident analyses and to comparing those 
results with the 1995 Cassini EIS analyses. Changes that have been made in the areas of 
range safety systems, spacecraft design, and in the design of the EGA trajectory are 
discussed where applicable. 

2.1.1 Mission Design 

The primary launch opportunity of the Proposed Action occurs within a 41-day launch 
period beginning October 6 and closing November 15, 1997 (JPL 1993a). Using the Titan 
IV (SRMU) /Centaur described in Section 2.1.6 of this Final SEIS, the spacecraft would be 
launched and injected into the 6.7-year WEJGA interplanetary trajectory to Saturn, as 
shown in Figure 2-1. 

After the spacecraft s launch and injection into the interplanetary trajectory in October 
1997, it would swingby the planet Venus for the first time in April 1998, followed by a 
second Venus swingby in June 1999. The spacecraft would then fly on to Earth in slightly 
less than two months, where it would obtain its third planetary gravity-assist in August 

1999. The spacecraft would obtain a fourth and final gravity-assist at Jupiter in December 

2000, before proceeding to Saturn. 

Cassini would arrive at Saturn in July 2004 and begin a four-year tour of the Saturnian 

system, after deploying the Huygens Probe on a trajectory for entry into Titan's 
atmosphere. 

Changes in Missi on Des i g n Since the 1995 Cassini EIS : Two mission maneuvers have 
been altered. First, the swingby altitude for the Earth gravity assist maneuver has been 
increased from 500 km (310 miles) to 800 km (500 miles) or higher. Second, the last 
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CASSINI - VVEJGA OCT 1997 

INTERPLANETARY TRAJECTORY 



Figure 2-1 Cassini October 1997 WEJGA Interplanetary Trajectory 
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trajectory correction before the Earth swingby has been delayed from ten days prior to 
swingby to seven days prior to swingby. This delay in the maneuver increases the biasing 
of the trajectory away from Earth during the period before the Earth swingby. Both of 
these changes work to keep the chances of an inadvertent Earth swingby reentry below 
one in one million. J 

2.1.2 Launch Opportunities 

For the Proposed Action, the primary launch opportunity occurs during the 41-day 
period between October 6 and November 15, 1997. Problems with the launch vehicle or 
spacecraft or adverse weather conditions during this period could cause the loss of this 
primary launch opportunity. 

Mission planners have identified secondary and backup launch opportunities from late 
November 1997, through early January 1998, and from mid-March to early April 1999, 
respectively, in the event such conditions arise. Both the secondary and backup 
opportunities would utilize a VEEGA trajectory to Saturn instead of the WEJGA 
trajectory used with the primary launch opportunity. 

Both the secondary and backup launch opportunities would have adequate allocations of 
propellant to meet the minimal science objectives. However, lower electrical power 
output available from the RTGs during the science portion of the mission due to the 
natural decay of the radioisotopes would result in fewer instruments being operated at a 
given time, or less engineering support given to some instruments (JPL 1993c). These 
mission constraints would reduce the science return from levels anticipated for the 
primary launch opportunity. 

2.1.3 Spacecraft Description 

The Cassini spacecraft, illustrated in Figure 2-2, is designed to be a three-axis stabilized 
probe-carrying orbiter for exploration of Saturn and its atmosphere, moons, rings and 
magnetosphere. 

The components of the spacecraft relevant to an assessment of the potential for 
environmental impacts from the mission are the RTGs, RHUs, the propellants, and the 
propellant pressurant (helium). (RTGs and RHUs are addressed in Section 2.1.4 of this 
SEIS-) For propellants, Cassini would carry up to 132 kg (291 lb) of hydrazine for small 
maneuvers and attitude and articulation control, and about 3,000 kg (6,614 lb) of 
bipropellant (one tank each of monomethylhydrazine [MMH] and nitrogen tetroxide 
[NTO]) for larger maneuvers. Two high-pressure helium tanks are also used to provide 
pressure for the bipropellant and monopropellant tanks. The spacecraft (i.e., the Orbiter, 
the Probe and its supporting equipment, and the launch vehicle adapter), with 
propellants, would weigh 5,824 kg (12,840 lb) at launch (JPL 1993a). 
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Figure 2-2 Diagram of the Cassini Spacecraft 
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Main Engine (2) 




S pacecraft Design Modifications Since the 1995 Cassini EIS : The spacecraft design has 
been modified in four places to improve the protection against micrometeoroid damage 
to the spacecraft propulsion subsystem. First, two layers of beta cloth (a woven fiberglass 
material more resistant to micrometeoroid damage than the multi-layer insulation 
material used for the spacecraft thermal blankets) were added to the core propulsion 
module. Second, stand-off beta cloth shields have been added around the helium and 
hydrazine tanks. Third, the thickness of the outer plate on the propulsion electrical box 
on the spacecraft bus was increased from 0.18 cm (0.070 in) to 0.89 cm (0.350 in). Fourth, a 
retractable main engine cover was added to protect the nozzles. 

2.1.4 Spacecraft Electrical Power and Heating Sources 

The Cassini spacecraft would use three RTGs to provide electrical power for its 
engineering subsystems and science payload and a maximum of 129 RHUs to regulate the 
temperature of various subsystems on the spacecraft and the Probe. The U.S. Department 

of Energy (DOE) provides the RTGs and RHUs and would retain title to them at all times 
(See 1995 Cassini EIS Chapter 2 for details.) 

An in-depth analysis of the available electrical power systems was performed to identify 
the most appropriate power source for the Cassini mission (JPL 1994). The use of RTGs 
was identified as the only feasible power system with the physical and operational 
characteristics compatible with achieving a high percentage of the science return from the 
Cassini mission. 

During the comment period for the 1995 Draft Cassini EIS, some commentors asked why 
NASA is not using the new solar cells recently developed in the laboratory by the 
European Space Agency (ESA). Though NASA responded to these questions in the 1995 
Cassini Final EIS, the question continues to be raised. Therefore, the purpose of the 
following information is to explain why solar arrays, even arrays using the new ESA cells, 
are not feasible for the Cassini mission. 

For the Cassini spacecraft to complete the mission's science objectives, it must carry 
enough fuel to travel to Saturn, to brake and insert itself into orbit around the planet and 
to continue in orbit for four years. This amount of fuel is very heavy. Thus, in order to be 
light enough to launch, travel to Saturn and accomplish the science objectives of the 
mission, it is critical to keep the rest of the spacecraft as light as possible. 

Another limiting factor in completing the mission science objectives is spacecraft electrical 
power. While orbiting Saturn and its moons, Cassini will use a variety of science 
instruments, singly or in combination, to collect many different types of data. Since the 
spacecraft has a limited amount of fuel and a limited amount of time in which to collect 
data at Saturn (four years), its power system must have the capability to simultaneously 
supply multiple science instruments, as well as continuously run the spacecraft itself. 
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Thus, a lightweight and highly-efficient method of providing electrical power becomes 
very important. 

NASA has found that even with solar arrays containing the latest high-efficiency solar 
cells developed by ESA, it would not be possible to conduct the Cassini mission using 
solar power. The simplest and most immediate explanation for this is that the arrays, in 
order to meet Cassini's electrical power requirements, would have to be so large that the 
spacecraft as a whole would be too massive to launch. 

ESA has produced, under laboratory conditions (i.e., not manufacturing conditions), 
highly-efficient solar cells that have been tested successfully under simulated space 
environments. These environments approximated the sunlight and temperature 
conditions at about 805 million kilometers (500 million miles) from the Sun, or about the 
same distance as Jupiter's orbit. These solar cells do not exhibit the typical low-intensity, 
low-temperature (LILT) degradation that considerably reduces efficiencies for currently- 
available commercial cells. However, it is important to note that the cells could be less 
efficient at Saturn, which is almost twice as far from the Sun as Jupiter. Figure 2-3 depicts 
the size of the theoretical arrays that would be required if a solar Cassini mission were 
possible. 

Other limitations of the ESA solar cell technology include: 

• The actual efficiencies of commercially-produced advanced solar cells have 
historically been somewhat lower than efficiencies reported for research and 
development (R&D) manufactured units. 

• The ESA gallium arsenide (GaAs) devices are relatively thick and heavy compared 
to conventional solar cells. 

• Considering theoretical analysis and published data, these advanced cells would 
be radiation sensitive. This would lower their efficiency if used on Cassini, due to 
the radiation environment through which the spacecraft will travel on its way to 
Saturn. 

• If an array were to be made with the ESA cells (or any solar cells, for that matter), 
special diodes would have to be added to the array to compensate for cell 
fracturing that would be expected to occur from time to time. These diodes would 
add even more mass and complexity to the array. 

Taking the previous data into consideration, the Jet Propulsion Laboratory (JPL) has 
estimated that solar arrays built for the Cassini mission would require a total area greater 
than 500 square meters (5,380 square feet) and that the spacecraft would require two 
arrays, each 9 meters (30 feet) wide and 32 meters (105 feet) long. There would also have 
to be supporting structures for the solar cells. 

Attaching two such huge solar arrays to the Cassini spacecraft would severely impact the 
design, mass and operation of the spacecraft. One significant factor would be the array 
itself, which is a mechanical structure that ties the many solar cells together. This 
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Figure 2-3 Theoretical Arrays (Using ESA GaAs Cells) for the Cassini Spacecraft 
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structure would have to be deployable, which means that it would have to be stowed for 
launch so that it could fit inside the Titan IV payload fairing and then unfold once the 
spacecraft was on its way to Saturn. This, in turn, would require mechanical components 
to fold and unfold the arrays and support the long array arms when extended. Such 
components and support structures would increase the size and mass of the spacecraft 
considerably. The long and unwieldy solar arrays would also severely complicate 
spacecraft maneuvering and turning for scientific observations and data transmission 
back to Earth. Therefore, special devices would have to be added to enable the spacecraft 
to turn, again adding significantly to the mass. Finally, to properly regulate electrical 
power on board the spacecraft, special regulators and batteries would be required. This, 
too, would increase the overall mass. 

As with other solar power options studied for the Cassini spacecraft, the extremely large 
mass of even the lightest solar configuration is beyond the lift capability of the Titan IV 
(SRMU) /Centaur launch vehicle. Even if a heavy-lift booster and a suitable upper stage 
could be developed and certified for such a massive solar-powered spacecraft, the 
adjustments necessary to accommodate solar power would have substantial negative 
effects on the mission. First, they would make spacecraft maneuvering so slow and 
difficult that the mission would run out of time for scientific data collection, causing some 
crucial observations to be lost. Second, the addition of so many moving parts susceptible 
to mechanical failure would add considerably to the overall risk to mission success. As a 
final note, the researchers who developed the ESA solar cells evaluated the JPL solar 
study and concluded that "Low (insolation) intensity and low temperature (LILT) solar 
rplk (including those developed by ESA) are not a viable power source alternative for the 
presently defined Cassini mission of NASA" (see Appendix C). 

The present standard General Purpose Heat Source (GPHS) module is a product of years 
of extensive safety testing and analyses. Previous NASA spacecraft such as Galileo and 
Ulysses carried instruments powered by GPHS modules. Any future development of 
new GPHS modules would require extensive testing, evaluation, and space qualification 
before becoming potentially applicable to any space mission. 

2.1.5 Spacecraft Propulsion Module Subsystem 

The propulsive power for the Cassini spacecraft will be provided by two redundant 
bipropellant 445 N (105 lb of thrust) main engines for trajectory and orbit changes, and 16 
monopropellant thrusters rated at 1.0 N (0.22 lb of thrust) for attitude control and very 
small orbit changes (JPL 1993c). The bipropellant engines use nitrogen tetroxide (NTO) 
and monomethyl hydrazine (MMH), and the monopropellant thrusters bum hydrazine. 
Pressures in both the bipropellant and monopropellant elements are maintained using 
helium gas. 
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2.1.6 Launch Vehicle (Titan IV [SRMUj/Centaur) Configuration 

Titan family of expendable launch vehicles has a launch history spanning more than 
30 years of operations involving more than 320 Titan vehicles of all models. Titans have 
successfully carried astronauts into space ten times and have successfully launched RTG- 
powered spacecraft into space five times. The Titan IV/Centaur with the newly- 
developed SRMUs is proposed for this mission to Saturn. The SRMUs are now flight- 
certified and are the most capable strap-on U.S. boosters available. 

The Titan IV/Centaur comprises four basic components: core vehicle, the solid rocket 
booster motors (upgrade) (SRMU), payload fairing (PLF) and Centaur (upper stage). The 
Titan IV (SRMU)/ Centaur configuration is shown in Figure 2-4. 


The core vehicle, which provides thrust, consists of two stages with their associated 
airframes, structures, avionics, mechanical systems and liquid propulsion system. Stage 1 
contains two bipropellant liquid rocket engines. The oxidizer is 101,176 kg (223,051 lb) of 
NTO, and the fuel is 53,240 kg (117,372 lb) of Aerozine-50 (i.e., a 50-50 blend of 
unsymmetrical dimethylhydrazine and hydrazine). Stage 2 contains a single bipropellant 
engine virtually identical to the two used in Stage 1. The Stage 2 propellants comprise 

22,239 kg (49,028 lb) of NTO and 12,436 kg (27,416 lb) of Aerozine-50 (Martin Marietta 
1992). 

Two SRMUs, located on opposites sides of the core vehicle, would provide the initial 
boost for the launch vehicle at liftoff. Each SRMU is composed of three solid rocket motor 
segments. The filament-wound motor segments consist of a graphite fiber /epoxy resin 
composite cased forward segment with an integral forward dome, two graphite /epoxy 
composite cylindrical sections and a steel aft dome. The SRMU has passed all of its 
qualification tests and is now flight-certified. The first mission using the SRMU was 
successfully launched by the USAF on February 23, 1997. 

Each SRMU is 34.3 m (112.4 ft) long and has a 3.32 m (10.9 ft) outer diameter. The 
nominal weight for each SRMU is 352,271 kg (776,612 lb), of which 315,724 kg (696,040 lb) 
are propellant. The propellant is a U.S. Department of Defense (DOD) Hazards Class 1.3 
(DOD 1992), solid propellant, consisting of 69 percent ammonium perchlorate (dizoxier) 
and 19 percent nonspherical aluminum (fuel), with 9.06 percent hydroxyl terminated 
polybutadiene (HTPB) binder. The remaining 2.94 percent includes bonding and curing 
agents (MMT 1992). '' ° 

The PLF, mounted on top of the core vehicle, encases the Centaur (upper stage) and 
spacecraft, thereby providing aerodynamic and thermal protection for these elements 
during ascent. The payload fairing is an all-metal structure composed primarily of 
aluminum and has three segments. At approximately 206 seconds after liftoff, each of the 
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three fairing segments would uncouple and be jettisoned from the rest of the launch 
vehicle, falling back into the ocean (MMT 1992). 

The Centaur uses two liquid hydrogen (LH 2 )/liquid oxygen (L0 2 ) rocket engines with 
multiple restart capability. The LH 2 and LO, are contained in two large tanks that account 
for the bulk of the Centaur's internal volume (MMT 1992). 

2.1.7 Cassini Mission Timeline 

The Cassini mission timeline is divided into phases that primarily serve as the basis for 
potential launch accident scenario definitions and environmental analyses. The 1995 
Cassini EIS, in addressing four representative launch accident scenarios, divided the 
mission timeline into six launch phases, beginning with Phase 1, which commences at T-0 
s, with ignition of the SRMUs to initiate liftoff from the launch pad, and ends with 
insertion of the spacecraft into its interplanetary gravity-assist trajectory in 1995 Cassini 
EIS Phase 6. The gravity-assist trajectory was addressed separately from launch of the 
spacecraft. 

The updated safety analyses (MMT 1997, LMM&S 1997 a-j), in addressing a larger array 
of potential launch accidents (including a pre-launch accident with a release), divided the 
launch into eight phases, plus EGA trajectory. Pre-launch Phase 0, starts at T-48 hours 
with installation of the RTGs on the spacecraft, includes fueling of the Centaur upper 
stage, and ends with ignition of the SRMUs at T=0. Phase 8 (as with the 1995 Cassini EIS's 
Phase 6) is insertion of the spacecraft into its interplanetary trajectory. As with the 1995 
Cassini EIS, the EGA trajectory was evaluated separately. The eight launch phases were 
also grouped into four principal mission segments (pre-launch, early launch, late launch, 
plus the EGA). Regardless of how the launch is divided for the convenience of the 
particular analysis, the phases and segments used are essentially identical for all the 
launch opportunities associated with the Titan IV (SRMU)/Centaur (the Proposed Action 
and the 2001 Mission Alternative). The phases and typical timeframes used in the 
ongoing analyses are summarized in Table 2-1. The nominal Cassini mission timeline is 
subject to slight modifications as the design of the Cassini mission is further refined. 

2.1.8 Range Safety System Considerations 

Range Safety encompasses all activities from the design concept through test, checkout, 
assembly and launch of space vehicles, to orbit insertion from any range facility. All 
space vehicles launched from the Eastern Range, which includes KSC and CCAS, must 
carry an approved Flight Termination System (FTS) that allows the Flight Control Officer 
(FCO) to terminate powered flight if the vehicle violates established flight safety criteria. 

The FTS, which includes the Titan IV launch vehicle system and a Centaur system, 
provides ground personnel with the capability to shut down any thrusting liquid stage 
only, or to shut down any thrusting liquid stage and then destruct the SRMUs and all 
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Table 2-1. Cassini Mission Launch Segments and Phases and Key Events 

for the Updated Analyses 




Mission Elapsed Time, 
seconds 

Phase Start and Finish Events 

Mission 

Segment 

Phase 

Phase Start 

Phase Finish 

Key Events in Phase 

Pre- 

Launch 

0 

-48 hours 

0 

Complete RTG Installation (PLF Door Closure) to 
SRMU Ignition 

Start Centaur Tanking; Complete Centaur Tanking; Arm 
Ordnance 

Early 

Launch 

1 

0 

143 

SRMU Ignition to SRMU Jettison 
Clear Launch Complex; Clear Land; Reach 10 km 
Altitude; Safe SRMU and Centaur AutoDestruct 
Systems (ADSs); Stage 1 Ignition 

2 

143 

206 

SRMU Jettison to PLF Jettison 

SRMU Separation System Fires 

Late 

Launch 



320 

PLF Jettison to Stage 1 Jettison 

PLF Separation System Fires; Safe Stage 1 ADS; Stage 
2 Ignition 


320 

554 

Stage 1 Jettison to Stage 2 Jettison 

Stage 1 Separation System Fires; Safe Stage 2 ADS 

5 

554 

707 

Stage 2 Jettison to Centaur Main Engine Cut-Off 
(MECO) 1 

Stage 2 Separation System Fires; Centaur Main Engine 
Start (MES) 1 ; Attain Park Orbit 

6 

707 

1,889 

Centaur MECO 1 to Centaur MES 2 
Safe Centaur Flight Termination System 

7 

1,889 

2,277 

Centaur MES 2 to Earth Escape 

EGA 

8 

2,277 

2,349 

Earth Escape to Centaur MECO 2 

Interplanetary trajectory/Earth swingby 


liquid stage tanks. This element of the FTS is called the command shutdown and destruct 
system (CSDS). 

Additionally, the FTS will automatically destruct a stage that prematurely separates from 
the portion of the vehicle carrying the command receivers and antennas. This element is 
referred to as the automatic destruct system (ADS). Upon activation of an automatic 
destruct. Range Safety can, at their discretion, command destruct the Centaur and the 
remaining Titan IV elements. 


The necessity for and design issues involved in a Space Vehicle Destruct System (SVDS) 
for the Cassini spacecraft were reviewed to determine if a SVDS would reduce the risk in 
the event of a launch phase accident. Analyses and testing involving the spacecraft's 
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hypergolic propellant indicated that the launch vehicle configuration for the Proposed 
Action would not require a SVDS. (A SVDS is, therefore, not on the Cassini spacecraft.) 

Ra nge Safety System Modifications Sinc e the 1995 Cassini FT S: Since publication of the 
EIS, two additional Range Safety systems have been added to improve the FCO's ability 
to monitor vehicle off-nominal turns. These systems include a Laser Illumination System 
(LIS) and Range Safety Advisory System (RSAS). 

The LIS provides vehicle attitude imaging during nighttime launches and is used in 
conjunction with the RSAS to detect off-nominal turns early in the launch. The LIS 
consists of three portable equipment setups to provide at least two operational systems 
for launch. Vehicle attitude imaging during nighttime launches and/or conditions of fog 
are provided by laser pulses that reflect off the vehicle back to cameras near the launch 
site. The image is displayed at the FCO console in the Range Operation Control Center 
(ROCC), providing the primary tool for determination of launch vehicle attitude during 
the first 30 seconds of flight. & 

The RSAS assures minimization of FCO reaction time early in the launch, when attitude 
control failures could result in an intact impact of the full vehicle with the surface of the 
Earth (ground or hard surface). The RSAS uses vehicle telemetry, from the Titan IV core 
vehicle and the Centaur upper stage, to supplement the full complement of data 
(including LIS) used to monitor launch vehicle attitude. This provides early detection of 
conditions that could lead to an intact impact of the launch vehicle by providing an 
auditory advisory signal to the FCO when abort telemetry criteria is reached. Primary 
information from the LIS for a command destruct decision is considered confirmed when 
the RSAS auditory signal is heard. 

The effect of the above changes is to increase the reliability of the FCO response in the 
unlikely event that a command destruct action would be required during the early phases 
of the Titan IV launch. This, in turn, keeps the probability of an intact impact of a 
complete launch vehicle very low. 


2.2 DESCRIPTION OF THE 2001 MISSION ALTERNATIVE 

The 2001 Mission Alternative would be similar to the Proposed Action in that it would 
include the Cassini spacecraft with the Huygens Probe and the Titan IV (SRMU) /Centaur 
launch vehicle, as described in Sections 2.1.3 through 2.1.5 of this SEIS. The primary 
launch opportunity for this mission alternative, however, would insert the Cassini 
spacecraft into a non-EGA trajectory. The launch vehicle would be the Titan IV 
(SRMU) /Centaur and would have a similar mission timeline as described in Section 2.1.7 
of this SEIS. The primary launch opportunity would occur during the first 2.5 weeks of 
March 2001 , and would use a 10.3-year VWGA trajectory, as depicted in Figure 2-5. The 
first Venus swingby would occur in August 2001, the second in September 2002, and the 
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Figure 2-5 Cassini March 2001 VWGA Interplanetary Trajectory 
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third in November 2005, with Cassini arriving at Saturn in June 2011 for the four-year 
tour of the Saturnian system (JPL 1994). A backup opportunity in May 2002 would use a 
VEEGA. This alternative was discussed in detail in Section 2.4 of the 1995 Cassini EIS. 


2.3 DESCRIPTION OF THE NO-ACTION ALTERNATIVE 

The No- Action Alternative would cancel the Cassini mission to Saturn. Additional details 
can be found in Section 2.5 of the 1995 Cassini EIS. 


2.4 COMPARISON OF ALTERNATIVES 
2.4.1 Impact Analysis from the 1995 Cassini EIS 

For the Proposed Action and preferred alternative, the environmental impacts of 
completing preparations for the Cassini mission and a normal launch of the Cassini 
spacecraft on a Titan IV (SRMU) /Centaur would entail no substantial impacts on the 

uman environment. For additional details, refer to Sections 2.7 and 4.1 of the 1995 
Cassini EIS. 

The principal concern associated with the mission is the potential release of some of the 
approximately 32.7 kg (72 lb) of Pu0 2 (consisting of about 71 percent by weight Pu-238 at 
launch) in the RTGs and the 0.35 kg (0.77 lb) in the RHUs onboard the spacecraft. In the 
unlikely event that an accident were to occur during the launch of the spacecraft (i.e., 
from the time of ignition of the SRMUs, through the insertion of the spacecraft into its 
interplanetary trajectory), the safety features incorporated into the RTGs and RHUs, in 
most cases, would limit or prevent any release of the PuO r 

To assist the reader in making comparisons between the 1995 Cassini EIS and the updated 
analyses, the following description indicates how the EIS launch phases compare with the 
launch segments used in the updated analyses. For 1995 Cassini EIS launch Phases 1 
through 6 (analogous to the early launch and late launch segments used in the updated 
analyses), four accident scenarios were identified in the 1995 Cassini EIS as representative 
of the categories of failures that could release Pu0 2 to the environment. Pre-launch 
accidents were not covered in the EIS because, at that time, none were postulated that 
would result m a release of Pu0 2 . In addition, two postulated low-probability (i e much 
lower than the probabilities for Phases 1 through 6) accident scenarios that could occur 
during the interplanetary portions of the WEJGA and VEEGA trajectories were 
identified as the short-term (EGA) and long-term inadvertent reentry scenarios. The 
short-term scenario would involve the inadvertent reentry of the spacecraft into the 
Earth s atmosphere during a planned Earth swingby, and the long-term scenario would 
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involve a spacecraft failure that leaves the spacecraft drifting in an Earth-crossing orbit 
and potentially reentering the Earth's atmosphere a decade to millennia later. 

The 1995 Cassini EIS analyses indicated that, depending on the accident scenario, the 
CCAS/KSC regional area, limited portions of Africa for an 8-10 second period under the 
space vehicle flight path, or indeterminate locations within the global area could be 
impacted by Pu0 2 releases. The CCAS/KSC regional area could be impacted if an early 
Phase 1 (early launch segment in the updated analyses) accident were to result in a 
release. Areas outside the region (i.e., a portion of the African continent, areas elsewhere 
around the world) could be impacted if an accident resulting in a release were to occur in 
Phase 5 or 6 (late launch segment in the updated analyses). No releases of plutonium 
from the RTGs or RHUs to the environment were postulated in the 1995 Cassini EIS if any 
of the representative accident scenarios occurred in Phases 2, 3, or 4. 

During the interplanetary portions of the mission, postulated short-term (EGA segment of 
the updated analyses) and long-term inadvertent reentry accident scenarios could result 
in releases of Pu0 2 to the environment. However, NASA is designing the mission to 
greatly reduce the potential for such accidents. Mission design criteria require that the 
mean probability of an inadvertent reentry during the WEJGA trajectory be no greater 
than one in a million. If such an accident were to occur, PuO z could be released in the 
upper atmosphere and/or scattered on indeterminate locations on the Earth's surface, 
resulting in a slight increase in the background radiological exposure of a large number of 
people worldwide. 

The principal measure used in the Galileo and Ulysses Tier 2 EISs, and in the 1995 Cassini 
EIS and supporting safety analyses, for characterizing the radiological impacts of each 
alternative evaluated, is health effects risk. Health effects are expressed as the number of 
excess latent cancer fatalities over a 50-year period (above the normally observed cancer 
fatalities). As used here, health effects mission risk is the probability of an accident 
resulting in a PuO, release (i.e., the probability of an initiating accident times the 
probability that the accident would result in a release of Pu0 2 ), multiplied by the 
consequences of that accident (i.e., the 50-year health effects that could be caused by the 
exposure of individuals to the PuO,), summed over all postulated accidents. Estimates of 
health effects mission risk, as discussed here, represent the expectation of latent cancer 
fatalities. The expectation health effects mission risk over all mission phases (i.e., the 50- 
year period health effects) does not include contributions to risk from the long-term EGA 
reentry scenario. 

For the Proposed Action, the 1995 Cassini EIS mission risk estimate, considering all 
launch phases for the primary launch opportunity, was 8.4xl0' 7 (0.00000084) health effects. 
The mission risk from the short-term inadvertent reentry accident during the Earth 
swingby portion of the primary launch opportunity's WEJGA trajectory was estimated 
as 1.7xl0' 3 , (0.0017) health effects, and for the secondary and backup opportunity VEEGA 
trajectories as 1.8xl0‘ 3 (0.0018) health effects. The overall mission risk (considering all 
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launch phases and the EGA trajectories), from the primary launch opportunity was 

1.7x10 (0.0017) health effects, and from the backup launch opportunity, it was estimated 
at 1.8xl0" 3 (0.0018) health effects. 

2.4.2 Changes in Estimated Impacts from Accidents Since the 1995 Cassini EIS 

The refinements in the evaluation of accidents and estimates of their potential 
consequences since the early scoping analysis of the Cassini EIS have resulted in different 
estimates of impacts. The following highlights the changes in approach for estimating the 
accident probabilities, health effects and risks: 

• The EIS used four representative accidents for the launch of the mission and 
estimated their probabilities of occurrence. Pre-launch accidents were not 
addressed in the 1995 Cassini EIS because, at that time, none were postulated that 
would result in a release of PuCX. 

The updated analyses use more detailed accident descriptions, accident 
environments and probability distributions. In addition, the updated mission 
safety analyses have determined that a release could occur from some on-pad 
accidents during the two hour period prior to launch. Further, the probabilities of 

accidental reentries during the late launch segment are higher than in the 1995 
Cassini EIS. 

• Both the 1995 Cassini EIS and the updated analyses use the same accident 
definition and event trees for the inadvertent reentry during an Earth swingby 
accident. The 1995 Cassini EIS reported bounding estimates of potential releases 
because there was uncertainty in whether the General Purpose Heat Source 
(GPHS) modules or Graphite Impact Shells (GISs) would survive an inadvertent 
reentry during Earth swingby or release plutonium in the upper atmosphere. 

The updated analyses uses results of additional research and modeling to refine 
estimates of behavior of RTGs, GPHS modules and components on reentry. The 
analysis also uses probability distributions for some key variables on the reentry 
event trees used in the 1995 Cassini EIS rather than nominal estimates of the 
branch probabilities. The results are reported as probability distributions of source 
terms for the accident. 

• The 1995 Cassini EIS used simpler techniques to estimate nominal and maximum 

source terms and the corresponding conditional probabilities that PuO would be 
released. 2 
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The updated analyses use probabilistic techniques to evaluate the accident 
conditions. The resultant source terms are reported as a probability distribution 
for each accident case. 

• The 1995 Cassini EIS modeled accident consequences using the same basic 
approaches, assumptions and model parameters that had been used for the Galileo 
and Ulysses missions. 

The updated analyses extends techniques used in the 1995 Cassini EIS and for the 
Galileo and Ulysses missions. The analysis makes wide-scale use of probability 
distributions. It uses best estimate values for certain key parameters, and more 
comprehensive modeling to determine PuCX particle dispersion, uptake by people 
and the potential for latent cancer fatalities. (Best estimates are defined in 
Appendix B.) 

• The 1995 Cassini EIS stated that there were uncertainties in the estimated 
probabilities of an accident occurring, the conditional probabilities of material 
being released and the resultant source terms of the accidents. 

The updated analyses include the most extensive evaluation of the uncertainties of 
accident consequences ever attempted for a space mission. The analysis expands 
techniques reported for the Ulysses mission and provides an estimate of the 
consequences and risk with their associated uncertainties. 

Launch phase consequence and risk estimates from the updated analyses are derived 
directly from a mathematical distribution as opposed to the 1995 Cassini EIS's point 
estimates that were based on a semi-quantitative assessment of previous mission safety 
analyses. A comparison of the two sets of estimates indicates that the 1995 Cassini EIS's 
overall assessment of risk was close to results of the updated analyses, even though the 
1995 Cassini EIS's assessment of individual mission risk and variability were lower for 
launch phase accidents, but higher for the EGA swingby accident risk. Both the 1995 
Cassini EIS and the updated analyses indicate that only a fraction of conceivable launch 
accidents could result in releases of PuO r 

2.4.3 Overview of Updated Mission Safety Analyses of Radiological Impacts from 
Accidents 

Since completion of the Final EIS for the Cassini Mission (dated June 1995) NASA and 
DOE have continued the safety analysis process for the mission. This process was 
described in Section 4.1.5.1 of the 1995 Cassini EIS. The "Cassini Titan IV/Centaur RTG 
Safety Databook, Revision B" dated March 1997 (MMT 1997), describes accident 
probabilities and environments for the mission. DOE contractors have incorporated the 
MMT 1997 information into their accident analyses and recently completed their 
preparation of the Safety Analysis Report (SAR) "GPHS-RTGs in Support of the Cassini 
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Mission" (LMM&S a-j). Results from those analyses, along with the companion SAR for 
the LWRHUs (EG&G 1997), are reported in this SEIS. While some of the individual 
results of the SAR s differ from those reported in the April 1997 Draft SEIS and companion 
document HNUS 1997, the overall mission risk remains similar. 

Concurrent with the recent completion of the SAR (LMM&S a-j), a supplement to the 
Cassini Earth Swingby Plan dated May 19, 1997 (JPL 1997) was issued. This supplement 
contains slightly lower estimates of EGA inadvertent reentry probabilities, and is part of 
the separate, (non-NEPA), ongoing nuclear launch safety analysis process and will be 
evaluated as a part of that process. 

The process currently used by the updated mission safety analyses in determining the 
mission risk associated with the Cassini mission is similar to the process used for the 
earlier Galileo and Ulysses missions. The PuO, release potentially resulting from each 
accident (i.e., the source terms) are determined by evaluating the response of the RTGs 
and RHUs to the defined accident environments. For each combination of accident and 
environment, simulations are used to determine the probability of rupture or breach of 
the iridium clads of the RTGs or the platinum-rhodium clads of the RHUs, which contain 
the Pu0 2 . For simulations in which clad failure occurs, the mass of the PuO : escaping the 
clad is determined, along with information on particle size, particle density and release 
location. The safety analyses for both the RTGs and RHUs utilized empirical results of 
safety tests and analyses, and modeling studies conducted by DOE and NASA. The 
updated analyses, however, are more refined and comprehensive than those used for the 
1995 Cassini EIS. 

Table 2-2 presents the means of the best estimate results from the updated analyses, and 
compares them with the results in the 1995 Cassini EIS. (See Appendix B for a description 
of the best estimate.) The launch accidents and consequences addressed here apply to 
both the Proposed Action and 2001 Mission Alternative. 

Pre-launch accidents were not addressed in the 1995 Cassini EIS because at that time none 
were postulated that would result in a release of Pu0 2 . Since that time, updated analysis 
has shown that PuO, releases could result at the launch pad if the Centaur upper stage 
experienced a major structural or mechanical failure during the two-hour pre-launch 
fueling and preparation period. The probability of a pre-launch accident that could result 
in a release of Pu0 2 is 5.2x10 or 1 in 19,200, and could result in 0.11 health effects and 
could contaminate 1.5 km 2 (0.58 mi 2 ) of land above 7.4x1 0 3 Bq/m 2 (0.2 pCi/m 2 ) (the EPA's 
guideline level for considering the need for further action, EPA 1990). Based on the 99- 
percentile of the consequence distribution function, there would be a 1% probability that 
approximately 1.0 or more health effects could occur. The total probability of such an 
accident is 5.2x10 7 , approximately 1 in 1.92 million. Land area contaminated above the 
EPA guideline level could exceed 8.6 km 2 (3.3 mi 2 ). Note that doses and health impacts 
do not include implementation of accident contingency plans or any other mitigation 
actions by governmental authorities. 
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Table 2-2. Comparison of Updated Mean Estimates of Accident Parameters with the 1995 Cassini EIS 
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While the probability of an early launch accident that could threaten the RTGs is 6.2xl0 -3 , 
or 1 in 160, the probability of an early launch accident that could result in a release of 
Pu0 2 is 6.7x10 , or 1 in 1,490, and could result in 0.082 health effects and could 
contaminate 1.6 km 2 (0.62 mi 2 ) of land above the EPA guideline level. Such an accident 
could occur in a number of ways, such as, if the RTGs impacted ground on or near the 
launch pad following an in-air explosion due to a malfunction, or by the activation of the 
CSDS or ADS. In comparison to the 1995 Cassini EIS, this mission segment's mean 
mission risk is 5.5x10° (0.000055) health effects, which exceeds the 1995 Cassini EIS 
estimate of 0.00000046. Based on the 99-percentile of the consequence distribution 
function, there would be a 1% probability that approximately 1.5 or more health effects 
could occur. The total probability of such an accident is 6.7X10 -6 , less than 1 in 149,000. 
Land area contaminated above the EPA guideline level could exceed 20 km 2 (7.7 mi 2 ). 
Note that doses and health impacts do not include implementation of accident 
contingency plans or any other mitigation actions by governmental authorities. 

While the probability of a late launch accident is 2-lxlO 2 , or 1 in 48, the probability of an 
accident that results in a release of plutonium is 2.1xl0' 3 , or 1 in 476, and could result in 
0.044 health effects and could contaminate 0.057 km 2 (0.02 mi 2 ) of land above the EPA 
guideline level. Such accidents could occur if a Centaur failure resulted in atmospheric 
reentry and hard surface impact of the RTG modules. For suborbital accidents, a hard 
surface impact on southern Africa and/or Madagascar is only possible during a ten- 
second window of the suborbital flight. Orbital failures leading to ground impact could 
occur after attaining park orbit and result in orbital decay reentries from minutes to years 
after the initial accident if implementation of the spacecraft's Sufficiently High Orbit 
(SHO) capability failed. (In the event of a late launch accident, such as a failure of the 
Centaur upper stage to initiate its second bum and send the spacecraft on its 
interplanetary trajectory, the spacecraft has a capability to be separated and boosted to a 
high [2000+ year] storage orbit.) For those late launch Centaur accidents, for which the 
spacecraft cannot be successfully separated and boosted, orbital decay reentries would 
occur from minutes to years after the accident. In comparison to the 1995 Cassini EIS, this 
mission segment's mean mission risk is 9.2x10° (0.000092) health effects, which exceeds 
the EIS estimate of 0.00000037. Based on the 99-percentile of the consequence distribution 
function, there would be a 1% probability that approximately 0.55 or more health effects 
could occur. The total probability of such an accident is 2.1 xlO 5 , or less than 1 in 47,600. 
Land area contaminated above the EPA guideline level could exceed 0.34 km 2 (0.13 mi 2 ). 
Note that doses and health impacts do not include implementation of accident 
contingency plans or any other mitigation actions by governmental authorities. 

The probability of an EGA accident that results in a release of plutonium is 8.0xl0 7 or less 
than 1 in 1 million, and could result in 120 health effects and could contaminate 15 km 2 
(5.8 mi 2 ) of land above the EPA guideline level. Such an accident could occur if, during 
the EGA swingby, the Cassini spacecraft became non-commandable after experiencing a 
failure that placed it on an Earth impact trajectory and subsequently released PuO, at high 
altitude or as a result of ground impacts. In comparison to the 1995 Cassini EIS, this 
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mission segment's mean mission risk is 9.8xl0 5 (0.000098) health effects, which is less 
than the 1995 Cassini EIS estimate of 0.0017. Based on the 99-percentile of the 
consequence distribution function, there would be a 1% probability that approximately 
450 or more health effects could occur. The total probability of such an accident is 8.0x10 
9 , approximately 1 in 125 million. Land area contaminated above the EPA guideline level 
could exceed 55 km 2 (21 mi 2 ). Note that doses and health impacts do not include 
implementation of accident contingency plans or any other mitigation actions by 
governmental authorities. 

As noted earlier, if the spacecraft were to become non-commandable during its 
interplanetary trajectory, and control could not be restored, its orbit around the Sun could 
intersect that of the Earth resulting in a long-term inadvertent reentry. The probability of 
such an event is 2.0xl0 7 or, 1 in 5 million. It is reasonable to assume that the consequences 
of such a reentry would be of a similar order of magnitude as that estimated for the short- 
term EGA. 


In addition to the above best estimate analyses, DOE has conducted a study of the 
uncertainty in the under lying test data and models used to estimate accident risks and 
consequences. This information is presented in Chapter 4 of this SEIS, see also HNTJS 
1997 and Appendix D. 

2.4.4 2001 Mission Alternative 

With respect to the 2001 Mission Alternative, which would also be launched on a Titan IV 
(SRMU)/Centaur, the 1995 Cassini EIS concluded that potential launch accident 
consequences and risks would be essentially the same as those estimated for the Proposed 
Action. This also holds for the updated results from the ongoing mission safety analyses. 
Specifically, the pre-launch, early launch and late launch consequence and risk analyses 
results would also apply to those segments of the 2001 Mission. 

The only difference postulated at this time is in the EGA results, which do not apply to 
this alternative. Without an Earth swingby as part of its primary opportunity VWGA 
trajectory, the probability of an inadvertent reentry accident during an Earth swingby 
would be zero. Therefore, radiological consequences associated with the Earth swingby 
would be eliminated. The backup opportunity for this alternative is a VEEGA, however, 
and therefore the potential exists for a short-term and a long-term inadvertent reentry as 
noted earlier for the Proposed Action. The potential consequences for the backup and the 
long-term accident are assumed similar to those postulated respectively for the 
secondary /backup and the short-term EGA accident described for the Proposed Action. 
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2.4.5 No-Action Alternative 


The No-Action Alternative would not result in any adverse health or environmental 
impacts. For other impacts associated with the Non-Action alternative see Section 4.4 of 
the 1995 Cassini EIS, and Section 4.3 of this SEIS. 

2.4.6 Summary Comparison of Alternatives 

Table 2-3 provides a summary comparison of the Proposed Action, including the 
secondary and backup launch opportunities, and the alternatives. The factors used are 
the key parameters discussed in more detail in Chapter 4 of this SEIS and the 1995 Cassini 
EIS. All launch opportunities involve the Titan IV(SRMU)/ Centaur and are expected to 
have similar environmental impacts with normal launches. The accident impacts and 
risks are expected to be similar for the pre-launch, early-launch, and late-launch segments 
of each mission alternative with any of the launch opportunities. The principal 
differences involve the short- and long-term risks of an inadvertent reentry during the 
EGA and interplanetary cruise portions of the mission. Updated analyses indicate that 
the EGA accident impacts and risks are now estimated to be less than those presented in 
the 1995 Cassini EIS. As a result the mission risk contributions of each inadvertent 
reentry would be nominally the same. 

Although the primary opportunity for the the 2001 Alternative uses a VWGA trajectory 
therefore presents no short-term inadvertent reentry risk, a long-term risk of an 
inadvertent reentry similar to the other launch opportunities would remain. The risks 
associated with the backup opportunity (a VEEGA trajectory) would be the same as the 
secondary and backup VEEGA opportunities for the Proposed Action. 
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Table 2-3 Summary Comparison of the Potential Mean Radiological Impacts and Risks 

for Cassini Mission Alternatives 


Mission Segment 

Proposed Action 

2001 Alt 

ematives 

No-Action 


Primary 

(WEJGA) 

Secondary/ 

Backup 

(VEEGA) 

Primary 

VWGA 

Backup 

VEEGA 


Pre-Launch 



Total Probability 3 

1 in 19.200 

Same 



No Effect 

Health Effects 

0.11 

Same 

Same 

Same 

No Effect 

2 

Land Area Contaminated (km ) 

1.5 

Same 

Same 

Same 

No Effect 

Health Effects Risk 

5.5X10 -6 

Same 

Same 

Same 

No Effect 

Early- Launch 



Total Probability 3 

1 in 1490 

Same 

Same 

Same 

No Effect 

Health Effects 

0.082 

Same 

Same 

Same 

No Effect 

2 

Land Area Contaminated (km ) 

1.6 

Same 

Same 

Same 

No Effect 

Health Effects Risk 

5.5x1 O' 5 

Same 

Same 

Same 

No Effect 

1 Late-Launch 



| Total Probability 3 

1 in 476 

Same 

Same 

Same 

No Effect 

Health Effects 

0.044 

Same 

Same 

Same 

No Effect 

2 

Land Area Contaminated (km ) 

0.057 

Same 

Same 

Same 

No Effect 

Health Effects Risk 

9.2x1 O' 5 

Same 

Same 

Same 

No Effect 

EGA/Interplanetary Cruise 
• Short-Term Inadvertent Reenetry 


a 

Total Probability 

1 in 1.250.000 

1 in 2,900.000 

No Short 
Term 

Same as Sec. 

No Effect 

Health Effects 

120 

227 

None 

Same as Sec. 

No Effect 

2 

Land Area Contaminated (km ) 

15 

21 

None 

Same as Sec. 

No Effect 

Health Effects Risk 

9.8x1 O' 5 

7.6x1 O' 5 

None 

Same as Sec. 

No Effect 

fl • Long-Term Inadvertent Reenetry 


— 

Total Probability 3 

1 in 5.000.000 

1 in 1.700,000 

Same 

Same as Sec. 

No Effect 

Radiological Impacts 

similar to short-term 

similar to short- 
term 

Same 

Same as Sec. 

No Effect 

Overall Mission Risk 

2.5x10^ 

2.3x1c 4 



No Effect 


a. Total probability of an accident with a release of PuOt 
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3.0 AFFECTED ENVIRONMENT 


The 1995 Cassini EIS addressed the affected environment in terms of the local /regional 
environment and the global environment that could potentially be affected by the 
Proposed Action and the alternatives. Given that potential accidents and the resulting 
radiological consequences are the focus of this SEIS, only the local /regional land use and 
population descriptions are summarized here. There has been no substantial change in 
the characteristics of the global environment since publication of the 1995 Cassini EIS. 

The Cassini mission would be launched from CCAS, which is located on the east coast of 
Brevard County near the city of Cocoa Beach, approximately 24 km (15 mi) north of 
Patrick Air Force Base. CCAS is bounded by NASA/KSC on the north, the Atlantic 
Ocean on the east, the city of Cape Canaveral on the south and the Banana River and 
KSC /Merritt Island National Wildlife Refuge on the west. 

The six-county region surrounding CCAS consists of Volusia, Seminole, Lake, Orange, 
Osceola and Brevard Counties. The region is about 1.7 million ha (4.1 million acres) in 
size, of which about 8 percent (132,742 ha; 328,000 acres) is urbanized. The most heavily 
populated urban areas in the region are Orlando in Orange County, about 85 km (53 mi), 
and Titusville, about 24 km (15 mi) to the west of the Titan IV launch complexes at CCAS, 
with the Daytona Beach/Ormond Beach area about 110 km (68 mi) and Port Orange and 
New Smyrna Beach 58 and 79 km (36 and 49 miles), respectively, to the north. To the east 
of CCAS is the Atlantic Ocean, with the city of Cape Canaveral immediately to the south. 
Cocoa Beach lies about 28 km (17 mi) to the south, with Melbourne and Palm Bay about 
52 km (32 mi) also to the south. 


About 35 percent of the land in the region is devoted to agriculture (about 566,580 ha; 1.4 
million acres) and about 25 percent to conservation and recreation lands (about 404,700 
ha; 1 million acres). Within the agricultural area, the three principal uses are crops, citrus 
and pasturage. About 29,900 ha (73,850 acres) is used for cropland, 50,200 ha (124,000 
acres) is in citrus production, and about 309,100 ha (763,500 acres) is in pastureland. The 
region also contains about 2,185 ha (5,400 acres) of saltwater beaches and about 32 ha (80 
acres) of historical and archaeological sites. 

CCAS occupies about 6,394 ha (15,800 acres) of the barrier beach that also contains the city 
of Cape Canaveral. Approximately 1,880 ha (4,700 acres) of the facility, or 30 percent of 
the station, is developed, consisting of over 40 launch complexes and support facilities, 
many of which have been deactivated. The remaining 70 percent (about 4,440 ha; 11,100 
acres) is unimproved land. The two Titan IV launch complexes (LC 40 and LC 41) are 
located in the northeastern most section of CCAS, about 450 m (1,500 ft) inland from the 
Atlantic Ocean. 

About 85 percent of the regional population lives in urban areas, with the largest 
concentrations in three metropolitan areas: (1) Orlando in Orange County, with 
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expansions into the Lake Mary and Sanford areas of Seminole County to the north and 
mto the Kissimmee and St. Cloud areas of Osceola County to the south; (2) the coastal 
area of Volusia County, including Daytona Beach, Ormond Beach and New Smyrna 
Beach; and (3) along the Indian River Lagoon and Coastal area of Brevard County 
specifically the cities of Titusville, Melbourne and Palm Bay. 

The 1990 population of the region numbered about 2 million people. About 86 percent of 
the regional population were white, 11 percent black, 2 percent Native 
American /Eskimo/ Aleut/Pacific Islander/ Asian and the remaining 1 percent not fa llin g 
mto any of the above categories. About 6 percent of the total population was of Hispanic 
ongm. About 9 percent of the regional population (about 189,000 people) lived within 32 
km (20 mi) of the Titan IV launch complexes at CCAS. The racial and ethnic composition 
of that group reflected the overall regional population, being predominantly white. 
Approximately 10 percent were black, with the remaining 10 percent falling into the other 
two categories. About 6 percent of this population were of Hispanic origin. The 
uncontrolled population nearest the launch complexes is about 16 km (10 mi) to the 
southeast and contains less than 2 percent of the regional population. Racial composition 
was about 97.5 percent white, 1 percent black and the remaining 1.5 percent divided 
amongst the remaining two racial categories. About 2 percent of the uncontrolled 
population were of Hispanic origin. 

The 1990 median annual household income across the six-county region ranged from 
$7,237 to $76,232, with both ends of the range occurring in Orange County. Within 32 km 
(20 miles) of the launch complexes, the median income ranged from $10,940 to $55,606, 
with most census tracts within this area recording median incomes in excess of $25,000. 
The median income within the nearest uncontrolled population (16 km, [10 mi] from the 
launch complexes) was $34,000. 


3-2 



4.0 ENVIRONMENTAL IMPACTS 


The environmental impacts of the Cassini mission were addressed in Chapter 4 of the 
1995 Cassini EIS. Completing preparations for and implementing a normal, incident-free 
mission were determined to have no substantial impacts to the human environment for 
either the Proposed Action or any of the other mission alternatives, including the 2001 
Mission. It is unlikely, given the present composition of the population in the region, that 
any given racial, ethnic, or socioeconomic group in the population would bear a 
disproportionate share of any environmental impacts. The ongoing mission safety 
analyses have yielded no information that changes those analyses, nor is there any change 
in the impacts associated with the No Action Alternative. The cumulative impacts of a 
normal Cassini mission which center around the SRMU exhaust emissions are unaffected 
by the results of the updated analyses. Details of the impact evaluations of a normal 
launch can be found in Sections 4.1, 4.2, 4.3 and 4.4 of the 1995 Cassini EIS. 

4.1 RADIOLOGICAL IMPACT ASSESSMENT OF THE PROPOSED ACTION 

Since completion of the Final EIS for the Cassini Mission (dated June 1995; issued in July 
1995), NASA and DOE have continued the safety analysis process for the mission. This 
process was described in Section 4. 1.5.1 of the 1995 Cassini EIS. The "Cassini Titan 
IV/Centaur RTG Safety Databook, Revision B" dated March 1997, (MMT 1997), describes 
accident probabilities and environments for the mission. DOE contractors have 
incorporated the MMT 1997 information into their accident analyses and recently 
completed their preparation of the Safety Analysis Report (SAR) "GPHS-RTGs in Support 
of the Cassini Mission" (LMM&S a-j). Results from these recent analyses, along with the 
companion SAR for the LWRHUs (EG&G 1997), are reported in this SEIS. While some of 
the individual results of the SARs differ from those reported in the April 1997 Draft SEIS 
and companion document HNUS 1997, the overall mission risk remains similar. 

The Draft SEIS was issued in April 1997 with the best available information available at 
that time. A separate report (HNUS 1997) was prepared that summarized the 
methodology and interim results available from the NASA/DOE safety analysis process 
for the Cassini mission. Since that time, definition of the probabilities and accident 
environments for launch area accidents that might involve fallback of the SRMU 
propellant and the "full stack intact impact" accident have been completed (MMT 1997). 
The DOE contractor has incorporated that information into the accident analyses and 
completed their RTG SAR (LMM&S g, LMM&S h, LMM&S j). This final SEIS 
incorporates the results of these recently completed analyses. 

As with the Draft SEIS (DSEIS), the analytical results reported in this Final SEIS (FSEIS) 
do not include consideration of de minimis. To review analytical results both with and 
without de minimis, please refer to Appendix D. 
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4.1.1 Radiological Accident Impact Analysis 

4.1.1.1 Safety Analysis Process 

The process used in the safety analyses to determine the risk associated with the Cassini 
mission is fundamentally similar to the process used for the earlier Galileo and Ulysses 
missions and is illustrated in Figure 4-1. NASA has defined those accidents which might 
occur during the pre-launch, early launch, late launch, and EGA segments of the mission 
iri the Cassini Titan IV/Centaur RTG Safety Databook (MMT 1997). The JPL swingby 
plan (JPL 1993b), and supplement (JPL 1997), address those accidents which may occur 
during the interplanetary trajectory. Together, MMT 1997 and JPL 1993b /JPL 1997 define 
the accidents, associated probabilities of occurrence, and accident environments that 
might threaten the RTGs and RHUs. 

The source terms are determined by evaluating the response of the RTGs and RHUs to the 
defined accident environments (LMM&S a-j, EG&G 199 7 ). For each combination of 
accident and environment, techniques such as computer simulations (again, similar to 
those performed for the Galileo and Ulysses missions), and analyses based upon 
empirical data from safety tests and evaluations are used to determine the probability of 
rupture or breach of the iridium RTG clads and the platinum-rhodium RHU clads which 
contain the Pu0 2 . For simulations in which clad failure occurs, the mass of the PuQ, 
released from the clad is determined, along with information on particle size, particle 
density and release location. For clad failures in the vicinity of burning propellant, the 
source term also includes the amount of Pu0 2 vaporized and the fireball buoyancy effects. 

The source terms for each case are then evaluated to determine the consequences of the 
release to the environment and to people. The approach used is again quite similar to that 
used for the Galileo and Ulysses missions, as well as the 1995 Cassini EIS. Each source 
term is evaluated to determine how it transports and disperses from the point of release, 
including the effects of weather, deposition and resuspension. Long-term (50-year) 
passive exposure from inhalation of resuspended material and ingestion of foodstuffs is 
considered, as well as the more immediate airborne and ground-based external 
exposures. The consequence reported consists of the overall radiological effect of the 
source term via all of these pathways over a period of 50 years (immediate or short-term 
exposure, plus subsequent exposures over a 50-year period) and is expressed in terms of 
radiological dose (rem), potential health effects (latent cancer fatalities) and area of land 
potentially contaminated above the EPA recommended guideline level (7.4xl0 3 Bq/m 2 
[0.2 pCi/ m 2 ] ) at which the need for further action needs to be considered. 

The final element of the analysis is the combination of the first three steps in Figure 4-1 
into an overall estimate of risk. This is accomplished by weighting the consequences 
determined for each accident case by the respective probability of occurrence and 
conditional probability of release. The measure of risk is then the probability-weighted 
sum of consequences. ° 
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Figure 4-1 Overview: Basic Elements in the Nuclear Launch Safety Risk Analysis 

Process 
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4.1.1.2 Accident Scenarios and Probabilities 

The updated mission safety analyses include detailed evaluations of 14 accident cases for 
the pre-launch and early launch segments, and four cases for the late launch mission 
segment, plus the EGA. These 19 accident cases and their contribution to the overall 
mission segment accident probabilities are listed in Table 4-1. 

During the Earth gravity assist swingby, malfunctions could cause the spacecraft to 
reenter the Earth's atmosphere, subjecting the RTG and RHUs to high aerodynamic loads 
and thermal stresses. The mean probability of short-term Earth impact (i.e., during the 
WEJGA Earth swingby maneuver) by the spacecraft is 8.0xl0- 7 . Loss of spacecraft control 
during the interplanetary cruise could potentially result in long-term Earth impact a 
decade to millennia later as the spacecraft orbits around the Sun. The estimated mean 
probability of long-term Earth impact is 2.0xl0‘ 7 . 

4.1.1.3 Potential Accident Source Terms 

For each accident case identified, the associated conditional probability that Pu0 2 would 
be released and the resultant amount and characteristics of the Pu0 2 released were also 
evaluated. Rather than the expectation and maximum case estimates used in the 1995 
Cassini EIS, the updated mission safety analyses use more elaborate computer 
simulations for the probabilities and source terms for each mission segment. The 
simulations for the launch-related mission segment accident cases are fundamentally 
similar to those performed for the Galileo and Ulysses missions. 

Information on launch vehicle accident probabilities and environments was used in 
conjunction with mathematical models to determine the response of the RTGs and RHUs 
to each accident environment and the characteristics of potential PuO, releases. These 
models are based upon (1) physical principles, (2) the known mechanical properties of the 
components of the RTGs and RHUs and (3) the results of series of tests conducted by DOE 
on the GPHS-RTGs, their components, and the RHUs. As with the Galileo and Ulysses 
EIS s, a computer code, the Launch Accident Scenario Evaluation Program, Titan 
IV/Centaur (LASEP-T), was used to simulate the effect of explosions, fragments and 
ground impacts on the RTGs and their components. The result of repeating the 
simulation thousands of times for each accident case produces probability distributions of 
the amount, location and particle size distribution of potential Pu0 2 releases for each 
accident case. 

Source terms from the sub-orbital and orbital reentry accidents occurring in the late 
launch mission segment were estimated using techniques similar to the early launch 
mission segment. Probabilistic sampling techniques were employed to account for the 
variations in location of the event, the source term if hard rock surfaces are hit, the 

number of modules that might hit rock, meteorological conditions, and population 
densities. 
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Table 4-1. Accident Case Descriptions ab 


Mission Segment 

Accident 

Case 

Number 

Case Description 

.. ■■ ' : : 

Mean Initiating 
Probability 

Pre-Launch 

0.0 

On-Pad Explosion, Configuration 1 

6.7x1 0‘ 5 

Pre-launch Total b 



6.7x1 O' 5 

Early Launch 

1.1 

Total Boost Vehicle Destruct (TBVD) 

4.2x1 O' 3 

1.2 

Command Shutdown and Destruct (CSDS) 

6.6x1 O' 4 

1.3 

TBVD with SRMU Aft Segment Impact 

8.1X10- 4 

1.4 

SRMU Explosion 

1.2x1 O' 4 

1.5 

Space Vehicle (SV) Explosion 

7.6x1 O' 14 

1.6 

TBVD without Payload Fairing (PLF) 

9.1x10-* 

1.7 

CSDS without PLF 

1.5x1 O' 6 

1.8 

SV Explosion without PLF 

1.4x10-* 

1.9 

Centaur Explosion 

1.4x1 O' 4 

1.10 

Space Vehicle/RTG Impact 

2.3X10- 4 

1.11 

Payload Fairing/RTG Impact 

1.9x10"* 

1.12 

Payload Fairing/RTG Impact, RTG Falls Free 

1.9x1 0"* 

1.13 

Full Stack Intact Impact 

1.6x10-* 

Early Launch TotaI b 



6.2xl0" 3 

Late Launch 

3.1 

Sub-Orbital Reentry 

1.4 xlO" 3 

5.1 

Sub-Orbital Reentry from CSDS Configuration 5 

1.2 xlO- 2 

5.2 

Orbital Reentry, Nominal 

8.0x1 0‘ 3 

5.3 

Orbital Reentry, Off-Nominal Elliptic Decayed 

3.0 xlO" 7 

Late Launch Total b 



2.1xl0- 2 

VVEJGA 


Short Term Reentry 

8.0x1 0" 7 

Overall Mission 
Total* 5 



2.8xl0- 2 


a. See HNUS 1997, Section 4.1 and LMM&S 1997 a for more information on the accident case descriptions. 

b. Only accidents which threaten the RTGs or RHUs with a potential for release of Pu0 2 are included. 
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Since the 1995 Cassini EIS, more detailed reentry analyses have been completed that 
provide additional insights into various branch-point probabilities in the source term 
event trees for the EGA (LMM&S b&c). This has allowed refinements to many of the 
values in the event trees that result in different probabilities for each of the potential end 
states for the PuO r As with the earlier mission phase accidents, probabilistic sampling 
techniques were employed to account for the variations in parameters that could affect 
the source term, such as reentry angle, latitude band of reentry, altitude of fuel releases, 
location of the event, the source term if rock or soil surfaces are hit, and the number of 
modules that might fail. 

For additional detail about source terms see Appendix D and LMM&S b c r & h and 
EG&G 1997. 6 

4.1.2 Environmental Consequences and Impacts 

4.1.2.1 Radiological Consequences and Risk Methodology 

The Cassini nuclear launch safety risk analysis performed for each of the accident cases 
identified for the RTGs and RHU's is fundamentally similar to that performed for the 
Galileo and Ulysses missions and for the 1995 Cassini EIS. The updated analysis, 
however, extends the techniques developed in the earlier analyses and applies 
probabilistic techniques to each of the source term probability distributions. Calculations 
include (1) collective radiation dose (50-year), (2) latent cancer fatalities (health effects) 
over a 50-year period induced by exposure to released Pu0 2 , (3) maximum individual 
dose and average individual risk, (4) land area contaminated above the EPA guideline 
level for considering the need for further evaluation, and (5) radiological risk. 

For further information on radiological consequences and risk methodology see LMM&S 
d-h and EG&G 1997. It should be noted that although the Cassini spacecraft will carry 
129 RHUs, the updated analyses presented in this SEIS are based on an inventory of 157 
RHUs. 

4.1.2.2 Radiological Consequences and Risks 

The summary of radiological consequences and mission risks is presented in Table 4-2. 
The mean, 5-, 50-, 95- and 99-percentiles values of health effects are presented. 

It should be noted that the radiological consequences and risks are reported in Table 4-2 
for the GPHS-RTGs, the LWRHU s, and as “Combined." The results reported for the 
GPHS-RTGs can be found in the Safety Analysis Report for the RTGs (LMM&S a-j). 
Those reported for the LWRHUs can be found in the Safety Analysis Report for the RHUs 
(EG&G 1997). The “Combined" consequences and risks reported in Table 4-2 are 
probability-weighted to account for the results of both the above referenced safety 
analyses. See Appendix D, page D-2 for a sample calculation. 
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Table 4-2 Summary of Radiological Consequences and Missions Risks 



i. Product of initating accident and conditional Pu0 2 release probabilities, b. Maximally exposed individual dose, mean estimate. 

. Land area potentially contaminated above 7.4x103 Bq/m^ (0.2 pCi/m^), d. Health effects are incremental latent cancer fatalities. 

■* Risk calculated as the total probability times health effects. f. The combined impacts of the GPHS-RTG and LWRHU analyses are probability weighted. 

r Estimated impacts are extremely small. h. No statistics generated due to low probability of release and small source terms. 






































































































































For 5-, 50-, 95-, and 99- percentile values of maximum individual dose, land area 
contaminated, and collective 50-year radiation dose, refer to Appendix D. The dose and 
health effects consequences presented assume no implementation of accident contingency 
plans or any other mitigation actions by governmental authorities. A value less than or 
equal to the 5-percentile level of consequences would be expected to occur 5 percent of the 
time (i.e., 1 in 20). Similarly, a value greater than or equal to the 95-percentile 
consequence level would be expected to occur 5 percent of the time. 

The combined total probability that a pre-launch mission segment accident would result 
in a Pu0 2 release is 5.2x10-5, or 1 in 19,200. The mean 50-year health effect consequence is 
l.lxlO* 1 or 0.11 health effects. The mean area of land contaminated above the EPA 
guideline level predicted for this mission segment is 1.5x10° or 1.5 km 2 (0.58 mi 2 ). The 
mean maximum individual dose associated with the pre-launch mission segment is 
1.4xl0- 2 or 0.014 rem over 50 years-a dose that represents about 0.093% of the average 
individual's 50-year exposure to natural background radiation. The risk contribution 
attributed to the pre-launch mission segment is 2.2% of the overall mean mission risk. At 
the 95-percentile level, the predicted health effects and land contamination for this 
segment is equal to or less than l.OxlO 1 or 0.10 health effects and (from Section 4.1.2.5 of 
this SEIS), 5.5 km 2 (2.1 mi 2 ). At the 99-percentile level, the predicted health effects and 
land contamination for this segment will be equal to or less than 1.0x10° or 1.0 health 
effects and (from Section 4. 1.2.5 of this SEIS), 8.6 km 2 (3.3 mi 2 ). 

The combined total probability that an early launch mission segment accident would 
result in a Pu0 2 release is 6.7x10-4, or 1 in 1,490. The mean health effect consequence is 
8.2xl0- 2 or 0.082. The mean area of land contaminated above the EPA guideline level 
predicted for this mission segment is 1.6x10° or 1.6 km 2 (0.62 mi 2 ). The mean maximum 
individual dose associated with the early launch mission segment is 2.1xl0* 2 or 0.021 rem 
over 50 years—a dose that represents about 0.14% of the average individual's 50-year 
exposure to natural background radiation. The risk contribution attributed to the early 
launch mission segment is 22% of the overall mean mission risk. At the 95-percentile 
level, the predicted health effects and land contamination for this segment will be equal to 
or less than l.SxlO 1 or 0.18 health effects and (from Section 4.1.2.5 of this SEIS), 6.1 km 2 
(2.4 mi 2 ). At the 99-percentile level, the predicted health effects and land contamination 
for this segment will be equal to or less than 1.5x10° or 1.5 health effects and (from Section 
4. 1.2.5 of this SEIS), 20 km 2 (7.7 mi 2 ). 

The combined total probability that a late launch mission segment accident would result 
in a Pu0 2 release is 2.1x10 3 , or 1 in 476. The mean health effect consequence is 4.4xl0" 2 or 
0.044. The mean maximum individual dose associated with the late launch mission 
segment is 1.1x10° or 1.1 rem over 50 years-a dose that represents 7.3% of the average 
individual's 50-year exposure to natural background radiation. The risk contribution 
attributed to the late launch mission segment is 37% of the overall mean mission risk. The 
area of land contaminated above the EPA guideline level predicted for this mission 
segment is 5.7xl0 2 or 0.057 km 2 (0.022 mi 2 ). At the 95-percentile level, the predicted 
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health effects and land contamination for this segment will be equal to or less than 
2.3xl(F or 0.23 health effects and (from Section 4. 1.2.5 of this SEIS), 0.24 km 2 (0.093 mi 2 ). 
At the 99-percentile level, the predicted health effects and land contamination for this 
segment will be equal to or less than 5.5xl0 _1 or 0.55 health effects and (from Section 
4. 1.2.5 of this SEIS), 0.34 km 2 (0.13 mi 2 ). 

The combined total probability that an EGA mission segment accident would result in a 
Pu0 2 release is 8.0x10", or less than 1 in 1 million. The mean health effect consequence is 
1.2X10 2 or 120. The mean area of land contaminated above the EPA guideline level 
predicted for this mission segment is 1.5X10 1 or 15 km 2 (5.8 mi 2 ). The mean maximum 
individual dose associated with the EGA mission segment is 5.1xl0 2 or 510 rem over 50 
years, about 34 times the average individual's 50 year exposure to natural radiation. This 
mean maximum individual dose is accounted for in the 120 estimated health effects noted 
above. It should be noted that this estimate is at a probability of less than 1 in 1 million. 
At the 95-percentile level, the predicted health effects and land contamination for this 
segment will be equal to or less than 3.2xl0 2 or 320 health effects and (from LMM&S), 37 
km 2 (14 mi 2 ). At the 99-percentile level, the predicted health effects and land 
contamination for this segment will be equal to or less than 4.5xl0 2 or 450 health effects 
and (from LMM&S), 55 km 2 (21 mi 2 ). The risk contribution attributed to the EGA mission 
segment is 39% of the overall mean mission risk. 

In the unlikely event that the spacecraft becomes non-commandable anytime after 
injection into its interplanetary trajectory, and control could not be reestablished, the 
spacecraft's orbit around the Sun could eventually cross that of the Earth, and the 
spacecraft could impact the Earth a decade to millenia later. The combined total 
probability of such an impact is 2x1 0 7 , or 1 in 5 million, and the amount of Pu0 2 released 
could be similar to that released in a short-term EGA accident. However, there are 
uncertainties related to the amount of Pu0 2 released. The uncertainties include the timing 
of the reentry which has a bearing on the composition of the Pu0 2 , given the 87.75-year 
half-life of Pu - 238. The radiological consequences of a long-term reentry are therefore 
assumed to be similar (same order of magnitude) to those estimated for the short-term 
EGA. 

Overall, the consequences predicted for the Cassini mission are low when compared with 
other risks. Using a typical natural (background) radiation dose of 0.3 rem/yr and a 
health effects estimator of 5X10- 4 latent cancer fatalities /rem, the risk to an individual of 
developing fatal cancer from a 50-year exposure to background radiation is estimated at 
7.5xl0- 3 , or 1 in 133. This estimated lifetime risk from background radiation is over five 
orders of magnitude (i.e., 100,000 times) higher than the Cassini mission segment with the 
highest average individual risk (late launch; see Appendix D, Table D-8), estimated at 
1.8x10^ or less, or a probability of less than 1 in 55 million of any given individual in the 
potentially exposed population incurring a fatal cancer due to exposure from an 
accidental PuO, release. 
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4.1.2.3 Uncertainty Analysis 


In addition to the best estimate analysis, a study of the underlying test data and model 
input parameters used to estimate accident consequences and risks has been conducted 
(LMM&S f, h). Because of uncertainty, the mean consequence of the overall mission or a 
given mission segment has a distribution of possible values where the best estimate for 
this analysis lies near the median of that distribution. Table 4-3 summarizes the risks for 
various mission segments and the total mission from accidental Pu0 2 release. The 95 
percent confidence level risk is two orders of magnitude higher than the best estimate, 
and the 5 percent confidence level is about two orders of magnitude lower than the best 
estimate. 


Table 4-3 Summary of Uncertainty Analyses: 
GPHS-RTG Mission Risks 


Mission 

Segment 

Mean 

Risk 

5% 

Confidence 

Level 

50% 

Confidence 

Level 

95% 

Confidence 

Level 

Pre-Launch 

3.4x1 0- 6 

7.6x1 0" 8 

6.0x1 

4.2x1a 4 

Early Launch 

4.7xl0- 5 

5-lxlO" 6 

6.2xl0- 5 

7.9x1a 4 

Late Launch 

9.2xl0- 5 

4.1xl0" 7 

7.3x10-5 

1.3x1 a 2 

EGA Reentry 
(Short Term) 

8.8x10-5 

1. 2X10- 6 

7.5x10-5 

4.6x1 a 3 

Total Mission 

2.3x1 O' 4 

8.3x10-6 

2.2x1 0 4 

1.9x1 a 2 


4.1.2.4 Emergency Response Planning 

In accordance with the Federal Radiological Emergency Response Plan (FRERP), prior to 
the launch of the Cassini spacecraft with RTGs and RHUs onboard, comprehensive 
radiological contingency plans will be in place. These contingency plans, similar to the 
ones developed for the Galileo and Ulysses missions, would ensure that any accident, 
whether it involves a radiological release or not, will be met with a well-developed and 
tested response. The plans will reflect the combined efforts of Federal agencies, including 
NASA, DOE, DOD, EPA and the Federal Emergency Management Agency, and the State 
of Florida and local organizations involved in emergency response. (For additional 
details, see response to comment no. 8-1 in Appendix E.) 

^•12.5 Potential Clean Up Costs Associated with Land Contamination 

While the need for mitigation, and the cost involved, would be based upon actual 
conditions, and the amount of land area contaminated by an accident, the 1995 Cassini 
EIS developed an estimated range of cleanup costs for a postulated early launch accident 
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near the launch site. Potential costs were estimated by taking the land area potentially 
contaminated at greater than the EPA guideline level (7.4X10 3 Bq/m 2 ; 0.2 pCi/m 2 ), and 
multiplying by a range of costs (escalated to 1994 dollars) developed by the EPA for 
mitigation both with ($50 million/km 2 ) and without ($5 million/km 2 ) removal and 
disposal of contaminated soil at a near-surface facility. Using the land area potentially 
contaminated by a near-launch site accident (1.5 km 2 [0.58 mi 2 ] ), the EIS estimated the 
potential costs to range from about $7.5 million (without removal and disposal), to about 
$75 million (with removal and disposal). Table 4-4 of this SEIS uses the same 
methodology and unit costs as the 1995 Cassini EIS in developing cost estimates for the 
mean, 95- and 99-percentile land area contamination estimates provided by the updated 
analyses. 


Table 4-4 Summary of Potential Cleanup Costs Associated with Land Contamination 





Cleanup Cost 

Cleanup Cost 

Mission Segment 

Consequence 

Land Area 

without Removal 

with Removal and 


Level a 

Contaminated b 

and Disposal c 

Disposal 0 



(km 2 ) 

($ millions) 

($ millions) 

Pre-launch 

mean 

1.5 

7.5 

75 


95% 

5.5 

27.5 

275 


99% 

8.6 

43 

430 

Early Launch 

mean 

1.6 

8.0 

80 


95% 

6.1 

30.5 

305 


99% 

20 

100 

1000 


a. Estimated land areas are presented for the mean and 95- and 99-percentile levels of the consequence 


distribution functions. 

b. Land area estimated contaminated above 7.4X10 3 Bq/m 2 (0.2 pCi/m 2 ). 

c. Assumes $5 million dollars/km 2 for cleanup without removal and disposal of contaminated materials; 
and $50 million dollars/km 2 for cleanup with removal and disposal of contaminated materials 

4.1.3 Radiological Impacts of the Secondary and Backup Launch Opportunities 

Impacts of pre-launch, early-launch, and late-launch accidents associated with the 
secondary and backup launch opportunities for the proposed action are expected to be 
approximately the same as for the primary Titan IV/SRMU launch opportunity presented 
in Table 4-2. The analysis was prepared for the secondary launch opportunity, and is 
applicable to the backup opportunity. 

Updated analyses of the potential impacts of a short-term reentry accident associated with 
each Earth swingby of the VEEGA trajectory are reported in HNUS 1997. Those analyses 
were performed using the same techniques and models used for the primary launch 
opportunity. Like the reentry accident with the WEJGA trajectory, the updated analyses 
for the VEEGA reentries indicate that more of the RTG components are likely to survive 
the reentry conditions, resulting in less vaporization of the Pu0 2 in the upper atmosphere 
and lower world-wide impacts. As with the WEJGA reentry, the updated analyses 
indicate that high-altitude vaporization of a large fraction of the Pu0 2 is less likely than 
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indicated in the EIS. This results in lower estimates of mean source terms and mean 
radiological impacts than reported earlier in the 1995 Cassini EIS 

The accident risks and impacts of a short-term inadvertent reentry for both the secondary 
and backup launch opportunities using VEEGA trajectories are predicted to be similar. 
The updated analyses indicate that the total probability of a PuO, release from the RTGs 
and RHUs with the two Earth swingby portions of the VEEGA trajectory is 3.4x1 O' 7 (1 in 
2.9 million). The updated analyses also indicate that the mean impacts from an 
inadvertent reentry could be 227 health effects with 21 km 7 (8.1 mi 7 ) of land contaminated 
above the EPA guideline level. As with the WEJGA accident impact estimates, larger 
impacts would be predicted at lower probabilities. The estimated health effects risk for 
the Earth swingby portions of the secondary and backup mission is 7.6xl0 5 . 

The probability of a long-term inadvertent reentry from the interplanetary cruise portion 
of the VEEGA trajectory prior to the final gravity assist is 5.9xl0 7 . No additional analyses 
are available of the estimated impacts of such an accident. The reader is referred to 
Section 4.1.6.2 of the 1995 Cassini EIS for discussion of the potential impacts of an 
inadvertent long-term reentry accident. 


4.2 RADIOLOGICAL IMPACT ASSESSMENT OF THE 2001 MISSION 
ALTERNATIVE 

The 2001 Mission Alternative would be similar to the Proposed Action in that it would 
include the Cassini spacecraft with the Huygens Probe and the Titan IV (SRMU)/Centaur 
launch vehicle, as described in Sections 2.1.3 through 2.1.5 of this SEIS. The primary 
opportunity of this mission alternative, however, would insert the Cassini spacecraft into 
a non-EGA trajectory. The launch would have a similar mission timeline as described in 
Section 2.1.7 of this SEIS. This mission alternative would have a primary launch 
opportunity during the first 2.5 weeks of March 2001 from CCAS, and would use a 10.3- 
year VWGA trajectory, as depicted in Figure 2-5. The first Venus swingby would occur 
in August 2001, the second in September 2002, and the third in November 2005, with 
Cassini arriving at Saturn in June 2011 for the four-year tour of the Saturnian system (JPL 
1994). A backup opportunity in May 2002 would use a VEEGA. This alternative was 
discussed in detail in Section 2.4 of the 1995 Cassini EIS. 

Radiological impacts of pre-launch, early-launch, and late-launch accidents associated 
with either the primary VWGA or backup VEEGA launch opportunities are expected to 
be approximately the same as for the primary Titan IV/SRMU launch opportunity 
presented in Table 4-2. : 

With the primary VWGA trajectory, there would be no opportunity for a short-term 
inadvertent reentry but a long-term inadvertent reentry risk would remain. However, 
with the backup VEEGA trajectory, both short- and long-term inadvertent risks would be 


4-12 



present and be approximately the same as indicated for the secondary and backup 
(VEEGA) primary launch opportunities presented in Section 4.1.4 of this SEIS. 

Prior to launch of either the primary or backup opportunity, comprehensive radiological 
emergency plans would be in place and implemented as discussed for the Proposed 
Action in Section 4.1.2.4 of this SEIS. 


4.3 THE NO-ACTION ALTERNATIVE 

There would be no adverse environmental impacts associated with the No-Action 
alternative; however, there would be major adverse programmatic and potentially 
adverse international relations impacts from a cancellation of the Cassini mission. In 
addition, cancellation of the mission would result in the loss of existing United States 
engineering and scientific expertise and capabilities. For further discussion of the impacts 
of the No-Action alternative, see Section 4.4 of the 1995 Cassini EIS. 


4.4 ADVERSE ENVIRONMENTAL IMPACTS THAT CANNOT BE AVOIDED 

The unavoidable adverse environmental impacts associated with both the Proposed 
Action and the remaining 2001 Mission alternative are related primarily to the effects of 
solid rocket motor emission during the first few seconds of the launch. These impacts 
remain unchanged by the ongoing mission safety analyses. For details, refer to Section 4.5 
of the 1995 Cassini EIS. 


4.5 INCOMPLETE OR UNAVAILABLE INFORMATION 

The recently available analyses referenced in this SEIS constitute the full analytical 
documentation relied upon in this NEPA process. Risk estimates may subsequently 
become available and could potentially vary from the risk estimates reported in this SEIS. 
Such subsequent information may occur as a result of statistical variance from the 
ongoing separate and independent nuclear launch safety analysis and evaluation for 
Presidential decision-making. 

With respect to the long-term inadvertent reentry accident, the performance and behavior 
of the materials used in the RTGs after many years (a decade to a millennia) in a space 
environment are highly uncertain. Therefore, the response of the GPHS modules and 
GISs in the long-term inadvertent reentry were therefore assumed to be similar (same 
order of magnitude) to those estimated for the short-term WEJGA inadvertent reentry. 
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4.6 RELATIONSHIP BETWEEN SHORT-TERM USES OF THE HUMAN 

ENVIRONMENT AND THE MAINTENANCE AND ENHANCEMENT OF 
LONG-TERM PRODUCTIVITY 


Neither the short term uses of the environment nor the enhancements to long-term 
productivity addressed in the 1995 Cassini EIS are affected by the updated mission safety 
analyses. Should an accident occur causing a release, short-term uses of contaminated 
land could be curtailed, pending mitigation. Refer to Section 4.7 of the 1995 Cassini EIS 
for additional details. 


4.7 IRREVERSIBLE AND IRRETRIEVABLE COMMITMENT OF RESOURCES 

For both the Proposed Action and the 2001 Mission alternative, quantities of various non- 
renewable resources, such as energy and fuels, iridium metal, plutonium and other 
materials, would be irreversibly and irretrievably committed. These remain unchanged 
by the updated mission safety analyses. Additional details can be found in Section 4.8 of 
the 1995 Cassini EIS. 


4-14 



5.0 CONTRIBUTORS TO THE SEIS 


This Supplemental Environmental Impact Statement (SEIS) was prepared by the Office of 
Space Science, National Aeronautics and Space Administration (NASA). The U.S. 
Department of Energy (DOE) has participated as a cooperating agency in the preparation 
of this SEIS due to its special expertise (see 40CFR1501.6). The organizations and 
individuals listed below contributed to the overall effort in the preparation of this 
document. 

List of Contributors 

National Aeronautics and Space Administration 

Mark Dahl Program Executive, Cassini 

B.S.E.E. 

Kenneth Kumor NASA NEPA Coordinator 

JD, M.B.A., B.S. Civil Eng. 

Science Applications International Corporation 
Dennis Ford EIS Project Manager 

Ph.D., Zoology 

Douglas Outlaw Senior Environmental Scientist 

Ph.D., Nuclear Physics 

Daniel Spadoni Senior Engineer 

M.B.A 

let Propulsion Laboratory 

Reed Wilcox Manager, Launch Approval Engineering, Cassini Program 

M.S., City & Regional Planning 

Mark Phillips Member of T echnical Staff 

B.S., Eng. 

Paul VanDamme Member of T echnical Staff 

M.S., Public Policy 

U.S. Department of Energy 

Beverly Cook Program Director, Space and National Security Programs 

B.S., Metallurgical Engineering 

Lyle L. Rutger Nuclear Engineer 

M.S., Nuclear Engineering 

Donald Owings Physical Scientist 

M.S., Physics 

Halliburton NUS 

Henry Firstenberg Project Manager 

M. Eng. Sci. 
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Table 5-1. Contributors to the SEIS 


Section 


Executive 







Responsible 

Person 

Summary 

1 

2 

3 

4 

5 

6 

NASA 








Mark Dahl 

X 

X 

X 

X 

X 

X 

X 

Kenneth Kumor 

X 

X 

X 

X 

X 

X 

X 

SAIC 








Dennis Ford 

X 

X 

X 

X 

X 


X 

Douglas Outlaw 

X 

X 

X 


X 



Daniel Spadoni 

X 

X 

X 


X 

X 

X 

Jet Propulsion 
Laboratory 








Reed Wilcox 

X 

X 

X 


X 



Mark Phillips 

X 


X 


X 



Paul VanDamme 

X 

X 

X 


X 



U.S. Department 
of Energy 








Beverly Cook 

X 


X 


X 



Lyle L. Rutger 

X 

X 

X 


X 



Donald Owings 

X 


X 


X 



Halliburton NUS 








Henry Firstenberg 

X 

X 

X 


X 
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6.0 AGENCIES AND INDIVIDUALS CONSULTED 


This Final Supplemental Environmental Impact Statement (FSEIS) was preceded by a 
Draft SEIS (DSEIS) and supporting documentation (HNUS 1997), which were made 
available on April 9, 1997, to Federal, State and local agencies, organizations and to the 
public for review and comment. The public review and comment period closed on May 
27, 1997. Comments received were considered during the preparation of this FSEIS (see 
Appendix E). 

In preparing this SEIS, NASA has actively solicited input from a broad range of interested 
parties. In addition to the publication in the Federal Register (F.R.) of a Notice of Intent 
(NOI) (62 F.R. 10879) and a Notice of Availability (62 F.R. 17216) for the DSEIS, NASA 
distributed copies of the DSEIS and the supporting documentation (HNUS 1997), directly 
to agencies, organizations, and individuals who may have an interest in the 
environmental impacts and alternatives associated with the Cassini mission. 

Comments on the DSEIS were solicited or received from the following: 

Federal Agencies 

Council on Environmental Quality 
Federal Emergency Management Agency 
National Science Foundation 
Nuclear Regulatory Commission 
Office of Management and Budget 
U.S. Department of Agriculture 
U.S. Department of the Air Force 
U.S. Department of Commerce 
U.S. Department of Defense 

U.S. Department of Health and Human Services - Centers for Disease Control 

U.S. Department of Health and Human Services - National Cancer Institute 

U.S. Department of the Interior 

U.S. Department of State 

U.S. Department of Transportation 

U.S. Environmental Protection Agency 


State Agencies 

East Central Florida Regional Planning Council 
Florida Department of Environmental Regulation 
State of California - Office of the Governor 
State of Florida - Office of the Governor 
State of Florida - Department of Commerce 
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State of New Mexico - Office of the Governor 
State of New Mexico - Department of Public Safety 


Local Agencies 

Brevard County: Board of Commissioners 

Comprehensive Planning Division 
Economic Development Council 
Emergency Operating Center 
Planning and Zoning Division 
Public Safety/Emergency Management 
Canaveral Port Authority 
City of Cape Canaveral 
City of Cocoa 
City of Cocoa Beach 
City of Titusville 


Organizations 

American Association for the Advancement of Science 
American Institute of Aeronautics and Astronautics 
American Society of Mechanical Engineers 
Cancer Prevention Coalition 

Carnegie Mellon University - Department of Engineering and Public Policy 

CBS-60 Minutes 

Center for Defense Information 

Citizens for Peace in Space 

Colorado State University Libraries 

Committee to Bridge the Gap 

Dynamac Corporation 

Energy Research Foundation 

Environmental Defense Fund 

Federation of American Scientists 

Florida Coalition for Peace and Justice 

Florida Southwest Peace Education Coalition 

Friends of the Earth 

Indian River Citizens for a Safe Environment 
Institute for Space and Security Studies 
Lawyers Committee on Nuclear Policy 
Lee County Coalition for Peace 
Lehigh-Pocono Committee of Concern 
Marin County Peace Conversion Commission 
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National Audubon Society 

National Space Society 

National Wildlife Federation 

Natural Resources Defense Council 

Nuclear Age Peace Foundation 

Ohio Valley Environmental Coalition 

Physicians for Social Responsibility - Los Angeles Chapter 

Pikes Peak Justice and Peace Commission 

Planetary Society 

Religious Education for the Catholic Deaf & Blind 
Resources for the Future 
Sierra Club 

South Dakota Peace and Justice Center 
Southern California Federation of Scientists 
Southern Rainbow Education Project 
Union of Concerned Scientists 
United Methodist Board of Church and Society 
West Palm Beach Post 

Women's International League for Peace and Freedom - Margaret Mead Chapter 
World Spaceflight News 


Individuals 
Peter Allan 

Geraldine Jenara Amato 

Ray and Ruth Anderson 

Harvey and Lois Baker 

Ron Balogh 

Dr. Gary L. Bennett 

Linda Bermann 

A1 Berrie 

Steve Berry 

Blaine Browning 

Harry A. Bryson 

Thomas W. Chao 

John Chaplick 

Isabel K. Chiguoine 

Mr. and Mrs. Malcolm Chubb 

Marc M. Cohen 

Fran Collier 

Keith Cowing 

Prof. R.W.R. Darling 

Edward Dierauf 
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Dr. Charles Dunlap 
Anthony Ehrlich 
Bob Ellenberg 
Donna Ellis 
Mark Elsis 
Richard Eng 
John P. Ferrell 
Rose Gaines 
Harry Garcia, Jr. 

John Geddie 
Ronald Goodman 
Gerry Greer 
Karl Grossman 
Sonya Guidry 
Stephen G. Harber 
Richard H. Hiers, Ph.D., J.D. 
Merilyn Hiller 
Thomas Hitchcock 
Russell D. Hoffman 
Robert R. Holt, Ph.D. 

Brian Hoppy 
John Huff 

Carole and Frank Hyneman 

Kathleen F. Kelly 

Eleanor S. Kenyon 

Mr. and Mrs. Harry Kernes 

Candace Kilchenman 

Dr. Mary Ann Lawrence 

John Robert Lehman 

Sidney and Olive Manuel 

Patricia Marida 

A. Marshall 

Allen McBride 

Dr. Marcia A. McDonald 

Karen McFadyen 

Margery D. Mclntire 

David Migliore 

Victoria Nichols 

Mark Passen 

Anna B. Pilson 

Dr. Horst Poehler 

Mr. and Mrs. Paul Puchstein 

Ruth Putz 

William Quick 



Edward D. Ramsberger 
Beth Raps 
Ronald P. Reed 
Irving Richman 
Tom Rivell 
Max Rothe, P.E. 

Courtney Sadler 
Don Schrader 
Paul H. Schultz 
Gerald R. Schultz 
Phil Seligman 
Kenneth Silber 
William Smimow 
Dorothy Scott Smith 
Ruth E. and Jack Snyder 
Margaret M. Spallone 
Nancy Strong 
Edward S. Syrjale 
Lyle A. Taylor 
Sylvia Torgan 
Kei Utsumi 
Georgia Van Orman 
Ray Villard 
Jeanne D. Vicini 
Rea D. Ward 
Harvey Wasserman 
Amie Welber 
William Westall, III 
Lynda Williams 
Warren and Olive Wilson 
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RECORD OF DECISION 


NATIONAL AERONAUTICS. AND SPACE ADMINISTRATION 


Cassini Mission 

Environmental Impact Statement (EIS) 


A. The Cassini Mission 

The Cassini mission is an international cooperative effort 
undertaken by NASA, the European Space Agency (ESA) , and the 
Italian Space Agency (ASI) to explore the planet Saturn and its 
environment. Cassini is part of NASA's continuing program for 
exploration of the solar system, the goal of which is to 
understand its birth and evolution. The Cassini mission is 
planned to be launched from Cape Canaveral Air station (CCAS) and 
will involve a 4 -year tour of Saturn, its atmosphere, moons, 
rings, and magnetosphere by the Cassini spacecraft, which 
consists of the Orbiter and the detachable Huygens Probe. The 
Huygens Probe will be released from the Cassini Orbiter to 
descend by parachute through the atmosphere of Saturn ' s largest 
moon, Titan. During the descent, instruments on the Probe will 
directly sample the atmosphere and determine its composition. 

The Probe will also gather data on Titan's landscape. Upon 
completion of the Probe mission, the Orbiter will continue to 
make remote and in-situ measurements of Saturn and its 
environment. This information could provide significant insights 
into the formation of the solar system and the conditions that 
led to life on Earth. 

NASA will provide the Orbiter, the Earth-based communications and 
operations network, and two scientific instruments on the Huygens 
Probe. ESA will provide the Huygens Probe, and ASI will provide 
major elements of the Orbiter' s communications equipment and 
elements of several science instruments. 

The scientific and technological benefits expected from the 
Cassini mission are demonstrated by the long record of support 
not only by our Nation's scientific community, the Congress, and 
Executive Branch agencies, but also by the international science 
community and many European nations. 


B. Introduction to the EIS 

This EIS was developed to address all major elements of the 
Cassini mission. Formal scoping began in February 1991 and 
continued into April 1991. This scoping period was for the Outer 
Solar System Exploration Program, which included both the Comet 
Rendezvous Asteroid Flyby (CRAF) and Cassini missions. Thirty- 
three scoping comment letters were received. They dealt with: 
alternative power sources; risks and impacts from plutonium-238 
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(Pu-238) in the Radioisotope Thermo^i • 

accident probabilities and risk factor? • Generators (RTGs) ; 
and NASA policy. In January 1892 ?he alternatlve f '* 

and by May 1992 Cassini was restructure^ mission was canceled 
to this effect was published in Oc?ni!f^ d ; Q « n lnfonnatlon update 

comments were then used in developina a i" 2 ’ - The s< r°P in< ? 

EIS (DEIS) . P ln 9 a Cassini-specific Draft 

The DEIS was made available to th*» nnM ^ _ . , 

Fifty-one comment letters were received iJL2 Ct ° ber X J 94 ‘ 

cumulative environmental impacts on stratospheric 2zone. and 

The Final EIS was made available on July 21 1995 an n 

waiting period expired on August 21, 1995 Ten 

were received. These letterlraised nonew issues n£ L 

SS?»i2S SSIS^S'^bSL! 1 - — reiterated u22 
Altern atives Consider^ 

The alternatives addressed in the EIS were: 

5i?!n n iv“HtrIi?3^E' f %^i^ P i?rS^cS n o^oar3 a 
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J f S Yfw ld essent ially be the same as forthe 
primary , but with reduced science return. 

2 ‘ P r fP a £3 tio n for and implementation of the 

launSiJ mission to Saturn involving dual Space Shuttle 

spacecraft wlS ?^- 1999 f With on “ orbit assembly of the 

ith upper sta ge(s) , followed by injection in 
IffSVJSi.? 1 a VEEGA trajectory. A backup .opportunity 

iicludiM both°?S rS ^ August 200 °* This alternative/ 
including both the primary and backup opportunities, would 


"At the time of this Record of Decision 
unavailable as an option. 


the SRM has become 
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obtain less science return than the Titan IV (SRMU) /Centaur 
1997 primary opportunity. 

3 . Completion of preparation for and implementation of the 
Cassini mission to Saturn onboard a Titan IV (SRMU) /Centaur 
using a Venus-Venus-Venus Gravity Assist (VWGA) trajectory 
in March 2001 or a VEEGA backup opportunity in May 2002. 

This alternative would require both increasing the 
propellant capacity of the Cassini spacecraft and completing 
development of a new, high-performance rocket engine. This 
alternative, including both the primary and backup 
opportunities, would obtain less science return than the 
Titan IV (SRMU) /Centaur 1997 primary opportunity. 

4. Adoption of the no-action alternative, resulting in 
termination of preparations for implementing the Cassini 
mission. This alternative would impede our Nation's Solar 
System Exploration Program, deprive the world of invaluable 
scientific discoveries, and disrupt internationally 
cooperative space activities for the benefit of all 
humankind . 

Mission Components Evaluated 

In addition to the basic engineering design of the spacecraft, 
the other key components associated with the Cassini mission are 
the launch vehicle, the interplanetary trajectory, and the power 
system for the spacecraft's electrical requirements. These must 
function together to satisfy the requirements of the mission. 

Key components were evaluated in the EIS in terms of technical 
feasibility, ability to satisfy the science objectives of the 
mission, and potential for reducing the postulated environmental 
impacts associated with the October 1997 baseline mission design. 
To be considered technically feasible, a component must have been 
tested for space- flight applications or must be in the 
development stages on a timetable consistent with satisfying 
Cassini's science objectives. The requirement for components to 
satisfy the science objectives is essential because the mission 
must provide useful information in a timely manner. 

The evaluation of mission components led to the following 
determinations: (1) the Titan IV (SRMU) /Centaur is the most 
capable U.S. launch system available and most closely matches the 
requirements of the Cassini mission; (2) the Cassini mission to 
Saturn requires planetary gravity-assist trajectories; and (3) 
the spacecraft requires the use of three mainly plutonium-238 
dioxide- fueled (^PuOj) RTGs and up to 157 Radioisotope Heater 
Units (RHUs) to satisfy the mission electrical and thermal 
requirements. The total ^PuOj inventory will be around 400,000 
curves at time of launch. NASA's Jet Propv.ision Laboratory 
conducted an in-depth analysis of the available electrical power 
systems, including many different solar, battery, and long-life 
fuel cell power sources and hybrid systems to identify the most 
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appropriate power source for the Cassini mission. None of th«„ 
were found to be technically feasible for Cassini. For eLmnfl 
a Cassini spacecraft equipped with the h-i«-Tho<=+- r exai nple, 

cells available would ^fthe^pacecra^fmas" S ° l3r 
launching to Saturn. The spectrum of available launch vehicles 
was also analyzed, and it was determined that there is no 

asJis? t?ajec?o^iIs ° le Whi ° h COUld avoid Pl»«tary gravity 

Environmental Consequences o f the Alternative 

In considering the consequences of the alternatives it- 
recognized that ordinarily the only direct or immediate 

of V CasSini tal The PaCt ^ Would be ass ®ciated with the normal launch 
f Cas sini. The environmental impacts of normal Titan IV or 

Space Shuttle launches have been addressed Mother National 
Environmental Policy Act (NEPA) documentation (e q the Titan tv 

AS T~ SSmentS ; space Shuttle, Kenned? Space 

Center, Galileo [Tier-2] and Ulysses [Tier-21 EISsl and have 

been updated in the Cassini EIS. These imparts hlii been deLed 
iprtftioiJ?* t0 PreCludG either Titan IV or Space Shuttle 

Consideration of launch and inadvertent reentry accidents 

Cassini n EIs adl The 9 u C ? 1 ® ons ®5 uences was a principal focus of the 
_ ass mi EIS. The U.S. Department of Energy (DOE), a cooperatina 

agency, provides the RTGs and RHUs. For the Cassini mission doe 

Pf e P a J ed a Preliminary risk analysis for accidents which' a^ E 

thl RTCs e or a RHut US1 The a E ?? 1 ? aSe ° f plutonium dioxide fuel from 
preliminary SSk'anSysfs? incorporates «“ “suits of doe's 

The analysis proceeded as follows: 


a) 


the ,i au !? ch vehicle (s), representative 
(postulated) accident scenarios 2 , and the environments 
(e.g, propellant fires and explosions, high speed fragments 
bJ e 2^2!« C S n ? lt iS nS# etc,) to which the RTGs and RHUs might ' 

the Sobabilit^ ° f an accident * NASA also provided 

the probabilities of occurrence of the accident scenarios. 


. Cassini EIS deals with a set of four credible launch 

Titan IV C fSRMU^ S FS?? r i° S r (i: S w Command Shutdown and Destruct, 
and TnSiviS* 10 ! Z il Z to " lgnxt&r Centaur Tank Failure/Collapse, 

5 e fw try from Earth orbit) that are deemed 
representative of those which could potentially result in a 

Cassini Final U Sa?i*S ? io ? id ? from the RTGs or RHUs. The planned 
S f ? ty . Analysis Report (FSaR) for the nuclear 

^f 1 *'® 1 ® and evaluation processes will provide more 
detailed evaluations of the full set of accidents and^ 
environments that could occur during the Cassini mission. 
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b) Based on the similarity of the representative accident 
scenario environments to those arising from the accident 
scenarios analyzed for the 1990 Ulysses Final Safety 
Analysis Report (FSAR) supplemented with additional 
analyses, DOE estimated the response of the RTGs and RHUs to 
those environments. In this manner, DOE was able to 
determine if a given representative scenario could lead to a 
release of plutonium dioxide fuel and the potential amount 
of a release (i.e., a "source term"). 

c) For those cases where a release could possibly occur, DOE 
then estimated the dispersion, deposition, and health and 
environmental consequences along with the probability of 
occurrence given that the postulated release occurred. 

The radiological consequence results are reported in the EIS in 
terms of "expectation" and "maximum" cases. The expectation case 
for a given representative accident scenario represents a 
probability-weighted average over conditions associated with the 
accident scenario under consideration, and uses the average 
source terms developed in the analysis. The maximum case for a 
given representative accident scenario represents a nominal upper 
limit without consideration of uncertainties 3 , based on the use 
of the maximum source terms. The maximum case corresponds to 
either the upper limit deemed credible for a given representative 
scenario based on consideration of currently available supporting 
analyses, or that corresponding to a total release probability 
greater than or equal to a probability cutoff of 10' 7 . 


C. Assessment of the Analysis 

Through over three decades of research, development, test, and 
evaluation, DOE has reduced the hazards associated with the use 
of the RT6 space power system by the design of the RTG. 
Materials have been chosen (e.g., plutonium dioxide in ceramic 
form) and designs selected which, in the event of an accident, 
contain or immobilize the fuel to the maximum extent practical. 

The results of the analysis show that in most launch phase 
accidents 4 there would be no release of nuclear material. In 
the event of a release, the analysis indicates that for neither 
the expectation case nor bhe maximum case would there be any 
health effects (i.e., excess latent cancer fatalities). 


3 Due to the preliminary nature of the analyses presented in 
the EIS, no uncertainty analysis was performed and uncertainties 
are addressed in only general terms. Uncertainty analysis will 
be performed as part of the ongoing studies in support of the 
Cassini FSAR. 

4 See footnote 2 on p. 4 
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During the interplanetary portion of the mission, postulated 
inadvertent reentry accident scenarios could result in release of 
plutonium dioxide. However, the mission's design ensures that 
the expected probability of such reentry is less than one in one 
million. If such an accident were to occur, the expectation case 
predicts that there could be approximately 2300 health effects 
worldwide over a 50-year period. The EIS presents a mission risk 
summary (Table 4-18, page 4-78 of the EIS) in which the risks of 
health effects are divided by the potentially affected 
populations to estimate the average risk per individual . In this 
regard, there would be a chance of about one in three trillion 
for the average potentially exposed individual, in the global 
population, incurring a fatal cancer as a result of a fuel 
release from an inadvertent reentry during Earth swingby. 

Finally, the risks are compared with tabulated, published risk 
data. The risks associated with the Cassini mission are thereby 
seen to be several orders of magnitude less than risks 
encountered and accepted elsewhere in our daily lives. 

Choice of Alternatives 


In view of the small risks associated with the Cassini mission, 
it is my intention to choose the proposed action. Alternative 1 
(above, page 2), based on programmatic grounds as follows. 

Alternative 1, completion of preparations for and implementation 
of the Cassini mission, including its launch on a Titan IV (SRMU 
or SRM) /Centaur in October 1997, the secondary opportunity in 
December 1997, or the backup opportunity in March 1999, would 
enable the earliest and best return of scientific information, 
make most effective use of fiscal, human and material resources, 
and avoid disruption of the Nation's program for solar system 
exploration. 

It is important that the Cassini mission is accomplished while 
the Voyager exploration results are recent and much of the 
associated scientific expertise is still available. There would 
be more than 23 years between the Voyager flybys of Saturn and 
the 2004 arrival of Cassini (for the primary launch opportunity) . 
The exploration of the Saturn system by Cassini is essential to 
answering some fundamental questions about the origins of life 
and of our solar system. _ The international scientific and 
technological community anxiously awaits its results. 

The no— action alternative, while presenting the minimum 
environmental risk, would, however, jeopardize our Country's 
unique Outer Solar System Exploration Program, deprive society of 
the invaluable scientific knowledge which will result from this 
mission, and could seriously disrupt and strain the international 
partnerships the U.S. has forced to undertake space activities 
for peaceful purposes, such as the Cassini mission. 
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The choice to complete preparations for and to implement the 
mission is fully consistent with the mandate of the National 
Aeronautics and Space Act to contribute materially, among other 
things, to the expansion of human knowledge of phenomena in 
space. 


D. Additional Information 

In addition to requirements under the NEPA and NASA policy and 
procedures , there is a separate and distinct Executive Branch 
interagency process for evaluating the nuclear launch safety of 
the mission. Pursuant to paragraph 9 of Presidential 
Directive/National Security Council Memorandum #25 (PD/NSC-25) , a 
Safety Evaluation Report (SER) will be prepared by an ad hoc 
Interagency Nuclear Safety Review Panel (INSRP) . I will be fully 
briefed on the outcome of the safety analyses and the Cassini 
INSRP evaluation prior to the launch of the Cassini mission. 

Extensive safety and technical reviews are continuing for the 
Cassini mission. In the event there are significant differences 
between the analysis for the EIS and the results of the final 
safety analyses and evaluations, those differences will be 
considered and a determination made as to the need for any 
additional NEPA documentation. 


E. Mitigation 

The only expected or immediate environmental impacts of the 
Cassini mission are the same as those for every Titan IV launch, 
and mitigation will accordingly be the same. This EIS primarily 
addressed possible radiological consequences of mission 
accidents. Regarding such possible radiological impacts, NASA, 
with expert technical assistance from DOE, the Department of 
Defense, the U.S. Environmental Protection Agency, and other 
federal agencies, and in cooperation with state and local 
authorities, will develop a federal radiological emergency 
response plan. Key elements of monitoring and data analysis 
equipment will be predeployed to enable rapid response in the 
event of a launch contingency. The plan, to be documented 
elsewhere, will address both monitoring and mitigation activities 
associated with the launch. In particular, post-accident 
mitigation activities, if required, will be based on detailed 
monitoring and assessment at that time. The plan will carefully 
detail the roles of the agencies involved. NASA will be the 
Cognizant Federal Agency coordinating the federal, response for 
accidents occurring within U.S. jurisdiction, and would 
coordinate with the Department of State and other cognizant 
agencies, as appropriate, in the implementation of other 
responses . 
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Decision 


Based upon all of the foregoing, I am confident that reasonable 
means to avoid or minimize environmental harm from the Cassini 
mission have been adopted; or, if not already fSopted? Sui Se 
adopted, as appropriate, upon conclusion of the safety analyses. 
Accordingly, it is my decision to complete preparatio£ of the 
Cassini mission for launch in the October 1997 opportunity, or 

either the secondary or backup opportunities, and to implement 
rne mission. r 




% 
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accident environment— Resulting conditions from an accident scenario, such as blast 

overpressure, fragments and fire. 


accident scenario— Launch vehicle and/or spacecraft condition resulting from failure 
model(s) at the component and/or subsystem level(s). Different failure modes can result 
in the same accident scenario. 

astronomical unit (AU)— The distance from the Earth to the Sun. It is equal to 149,599,000 
km (92,960,818 mi). 

background radiation— Ionizing radiation present in the environment from cosmic rays 
and natural sources in the Earth; background radiation varies considerably with location. 

Becquerel (Bq)-Unit of radioactivity equal to 1 disintegration per second. 

Best estimate— The best estimate reflects what is considered to be the most representative 
mathematical models, parameter values used in the models, and probability distributions 
to describe inherent variability as inputs to the analysis. As such, the best estimate reflects 
the anticipated outcome of the radiological consequences and risk without consideration 
of uncertainty in either the models or parameter values. 

cancer— A group of diseases characterized by uncontrolled cellular growth. 

clad— Thin-walled metal enclosure that encases the outer shell of nuclear fuel and 
prevents the release of plutonium dioxide and alpha particles into the environment. 

conditional probability-The probability that a release of radioactive material could occur 
given an initiating accident (i.e., the accident has occurred). 

cumulative impacts— Additive environmental, health, safety and significant 

socioeconomic impacts that result from a number of similar activities in an area. 

Curie (Ci)-A measure of the radioactivity level of a substance (i.e., the number of 
unstable nuclei that are undergoing transformation in the process of radioactivity decay); 
one curie equals the disintegration of 3.7xl0 10 (37 billion) nuclei per second and is equal to 
the radioactivity of one gram of radium-226. 

decay heat-The heat produced by the energy of decay of radionuclides. 

decay, radioactive-The decrease in the amount of any radioactive material with the 
passage of time due to the transformation of one nuclide into a different nuclide or into a 
different energy state of the same nuclide. The decay process results in the emission of 
nuclear radiation (alpha, beta, or gamma and neutrons) and heat. 
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decontamination (radioactive)--The reduction or removal of radioactive contaminants 
from surfaces of equipment by cleaning or washing with chemicals, by wet abrasive 
blasting, or by chemical processing. 

de minimis— This is a concept to indicate a collective dose level at which the risks to 
human health are considered negligible. 

deposition— In atmospheric transport terms, the settling out on ground and building 
surfaces of atmospheric aerosols and particles (dry deposition) or their removal from the 
air to the ground by precipitation (wet deposition or rainout). 

dose— The amount of energy deposited in the body by ionizing radiation per unit body 
mass. 


dose commitment— The dose that an organ or tissue would receive during a specified 
period of time (e.g., usually 50 years) as a result of intake (as by ingestion or inhalation), 
frequently over one year, of one or more radionuclides from a defined release. 

dose equivalent— The product of the absorbed dose from ionizing radiation and such 
factors that account for the difference in biological effectiveness due to the type of 
radiation and its distribution in the body (measured in Sieverts [rem]). The weighting 
factor for beta and gamma radiation is 1, and, for alpha radiation, it is approximately 20; 
thus, 1 Gy (100 rad) gamma radiation is equivalent to 1 Sv (100 rem), and 1 Gy (100 rad) 
alpha radiation is equivalent to 20 Sv (2,000 rem). 


exposure to radiation-The incidence of radiation from either external or internal sources 
on living or inanimate material by accident or intent: 

• Background— exposure to natural background ionizing radiation 

• Occupational exposure to ionizing radiation that takes place during a person's 
working hours 

• Population (or collective)— sum of the exposures to a number of persons who 
inhabit an area 

gravity-assist-Using the planetary gravitational field to increase the velocity or decrease 
the injection energy of a spacecraft. 

half-life (radiological)— The period required for the disintegration of half the atoms in a 
given amount of a specific radioactive substance. The half-life varies for specific 
radioisotopes from millionths of a second to billions of years. 

health effect (for this EIS) The impact to human health due to radiation doses. The 
number of excess latent cancer fatalities over and above the normal occurrence rate that 
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could occur in the exposed population as a result of radiation from a launch accident or 
swingby accident. 

initiating event (failure)-An event that can begin an accident sequence if followed by 
systems failures. 

initiating probability~The probability that an identified accident scenario and associated 
adverse conditions (accident environment) will occur. 

ionizing radiation-Any radiation capable of displacing electrons from atoms for 
molecules, thereby producing ions. 

isotope— One of perhaps several different species of a given chemical element with the 
same number of protons, which are distinguishable by variations in the number of 
neutrons in the atomic nucleus, but indistinguishable by chemical means. 

maximum individual dose— The maximum individual dose that an individual could 
receive over a 50-year commitment period. 

offsite-The area outside the property boundary of the CCAS/KSC site. 

onsite-The area within the property boundary of the CCAS/KSC site. 

onsite population— NASA, DOD and contractor personnel who are on duty at CCAS or 
KSC and badged onsite visitors. 

Orbiter-For purposes of this EIS, a spacecraft, such as Cassini, designed to orbit a planet 
(i.e., a celestial body) without landing on its surface. 

plutonium— A heavy artificially produced radioactive metal (atomic number 94) with 15 
isotopes. The Pu-238 isotope forms the basis for the fuel in the RTG. With a decay half- 
life of 87.7 years, Pu-238 is produced from the neutron bombardment of neptunium-237. 

proposed action-For this SEIS, the proposed action consists of completing the 
preparation for and implementing the Cassini mission, including launching the spacecraft 
for its four-year science tour of Saturn. 

radiation-The emitted particles (alpha, beta, neutrons) or photons (gamma) from the 
nuclei of unstable (radioactive) atoms as a result of radioactive decay. Some elements are 
naturally radioactive; others are induced to become radioactive by bombardment in a 
nuclear reactor or other particle accelerator. The characteristics of naturally occurring 
radiation are indistinguishable from those of induced radiation. 
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radioactivity-The spontaneous decay or disintegration of unstable atomic nuclei, usually 
accompanied by the emission of ionizing radiation. 

radioisotope heater unit (RHU)— An RHU is a radioisotope-fueled system consisting of a 
one-watt pellet of plutonium-238 dioxide, a platinum-30 rhodium (Pt-30Rh) clad, an 
insulation system of pyrolitic graphite (PG) and an aeroshell/ impact body of fine-weave 
pierced fabric (FWPF). RPTUs help to regulate temperatures onboard the spacecraft and 
the Huygens Probe. 

radioisotopes— Unstable isotopes of an element that decay or disintegrate and 
spontaneously emit particles or electromagnetic radiation. ° 

rem— The unit dose representing the amount of ionizing radiation needed to produce the 
same biological effects as one roentgen of high-penetration X-rays (about 200 kv). 

risk— The accident probability coupled with the associated consequences. Risk is defined 
quantitatively as the product of the frequency and the consequence. Risk, for the purpose 
of the Cassini EIS and for this supplement, is defined as the total probability of an 
accident times the consequence, and summed over all accidents in a given mission phase, 
segment, or the overall mission. 

risk assessment-A process comprising the identification of the hazards, such as patterns 
and level of exposure, and the evaluation of the risk (i.e., accident frequency and 
consequences) to affected individuals or populations from a known event. 

Sievert (Sv)-The SI unit of dose equivalent. One Sv is equivalent to 100 rem. 

solar energy— Energy from the Sun or heat from the Sun converted into an energy source. 

source term— The quantities of materials released during an accident to air or water 
pathways and the characteristics of the releases (e.g., particle size distribution, release 
height and duration); used for determining accident consequences. 

swingby-Part of the trajectory when, during an interplanetary mission, a space vehicle 
passes by a planet to use the planetary gravitation to change course and to obtain 
additional velocity /momentum. 

trajectory— The flight path that a spacecraft will take during a mission. 

upper stage-The portion of the launch system that injects the spacecraft (payload) from a 
parking orbit into the desired orbit or interplanetary trajectory. 
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APPENDIX C, ESA TECHNICAL EVALUATION OF JPL CASSINI SOLAR CONCEPT 

(Hassan 1996) 
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memorandum 

Ref: XP- 
Your Ref.: 


From: 


Subject: 


1612 -dos 


Date: 31st August 1996 


H. Hassan (PY) 

D. M. O’Sullivan (XP) 

K. Bogus (XPG), C. Signorini (XPG), J. Haines (XPM 

Assessment of the JPL system study related to the possible use of photovoltaic 
arrays, for the CASSINI mission 


Following evaluations of recently provided JPL documentation in the ESTEC Power and Energy 
Conversion Division, please find attached two relevant assessments. 

It is evident from the attached assessments that although ESA is currently proposing to use 
photovoltaic solar arrays supporting Low Intensity, Low Illumination (LIU ) solar cells for the ROSETTA 
cometary encounter (3.25 AU) spacecraft, such an approach for the more 

deeoer soace (9 3 AU) and poorly known Saturn radiation environment of the CASSINI mission, is 
impractical in respect of its launcher capability and the scientific requirement for a rapid body onentation 

ability. 

As a result we concur with the reviewed JPL system level study which shows a mass and 
configuration impact for the currently defined 837 watt CASSINI mission, which would be prohibitive for 

the programme. 

Although a new generation of ultrathin LILT soar cells could potentially offer a solution and produce 
a lower mass impact than the 1396 kg addressed by JPL in the study such solar cells have not yet been 

developed. 

As a result of the attached deliberations it can be concluded that as of this point in time. LILT solar 
cells (?nclud?ng Cose developed by-ESA) are not a viable power source alternative for the presently 

defined CASSINI mission of NASA. 


D. M. O'Sullivan 

Head of Power and Energy Conversion Division (XP) 


European Space Agency 
Agence spatiale europeene 


ESTEC 

Postbus 299 - NL 2200 AG Noordwijk - Keplerlaan 1 - NL 2201 A Z Noordwijk ZH - Netherlands 
Tel: (INT) ♦ 31-71-5653855 - Fax: (I NT) * 31-71-5654994 
E-Mail: JHAINES@vmprofs.estec.esa.nl 
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memorandum 


Ref: XP- 
Your Ref.: 
To: 

From: 

CC: 

Subject: 


1611-jh 


Date: 31st August 1996 


H. Hassan (PY) via D. O'Sullivan (XP 

J. E. Haines (XPM) 

K. Bogus (XPG), C. Signorini (XPG) 

Assessment of the JPL system study related to the possible use of photovoltaic 
arrays supporting Low Intensity, Low Mumination GaAs and Si solar cells for the 
CASSINI mission. (Appendix D of the Cassini EIS Supporting Studies Voi.2) 


Following your request to assess the overall system/power system aspects of the JPL study on the 
possibility of using GaAs and LILT solar cells for satisfying the CASSINI mission, please find the result of 
my own evaluation: 

1) General 

It is evident that the prork presented in Appendix D demonstrates a comprehensive study on the part 
of JPL into the potential of applying new solar cell technologies to the CASSINI mission. In particular the 
study addresses the possibility of applying: 

i) High efficiency silicon (Si) solar cells with defined Low Intensity, Low Temperature (LILT) 
performance. 

and 

ii) Gallium Arsenide (GaAs) solar cells with defined Low Intensity, Low Illumination (LILT) 
performance 

to the CASSINI mission. 

It must of course be noted that although the ESA ROSETTA spacecraft programme is intended to be 
operated with LILT solar cells up to a maximum sun distance of 5.2 AU (with full science operations only 
needed up to a sun distance of 3.25 AU), CASSINI has the distinct disadvantage of having to operate in 
Saturn orbit, this resulting in a full spacecraft performance requirement at a sun distance ranging 
between 9 AU and 9.3 AU. 


European Space Agency 
Agence spatiale europeene 

ESTEC 

Postbus 299 - NL 2200 AG Noordwijk * Keplerlaan 1 - NL 2201 AZ Noordwijk ZH - Netherlands 
Tel: (INT) > 31*71-5653855 - Fax: (INT) ♦ 31-71-5654994 
E-Mail: JHAlNES@vmprofs.estec.esa.nl 
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In terms of solar intensity this results in CASSINI receiving only: 

[(1/9.3) 2 /1] - 0.01 15 (1.15 %) of the solar insulation as compared to an earth orbit 

2) Solar Cell Technologies and Performances 

An assessment regarding the solar cell performances evaluated during the course of the JPL study 
contained in memorandum K. Bogus to H. Hassan (XPG/KB/4796-1/mac) dated 4th July 1996. 

The conclusions of this memorandum however were that JPL had presented a balanced and 
realistic picture with regard to the predicted performances of both the LILT Si and LILT GaAs solar cells 
evaluated during the course of this study. 

3) System Level Aspects 

In reviewing Appendix D it is apparent that an extensive assessment of the system level impacts of 
incorporating a suitable photovoltaic array onto the CASSINI spacecraft has been ^ 

masT and cost implications being addressed in detail. The specific performances assumed for the solar 
array area and consequent mass, its incorporation onto the spacecraft and integration with the on-board 
electrical power system appear to be realistic figures. 


The only two technical points where it is considered the assessment has been excessively optimisti c 


is ; 


i) In regard to the fact that the introduction of the peak power tracker for main power bus regulation 
(in lieu of a? RTG shunt regulator), will result in an additional 5% - 10% throughput power loss within this 

‘serial’ type regulator. 

This will be reflected as a 5% to 10% increase in the power required from the photovoltaic array. 

ii) In regard to the implications for spacecraft attitude control where for the LILT Ga£s solar cell 
case the predicted increase in the CASSINI launch (wet) mass is from its current level o 5.630 tonnes to 
T026 tonnes (6023 kg of core spacecraft and 1003 kg of deployed, and highly flexible solar arrays). 

Althouqh the JPL study addressed the implication of a much reduced maneuver rate ca pability for a 
solar powered CASSINI itcan be foreseen that the resultant configuration where the deployed, flexible, 
solar £ay *a signTficant proportion of the overall spacecraft mass, will result in the defimbon of highly 
complex attitude control laws and an extensive supporting verification test programme. 

This mass ratio between the core spacecraft and the deployed f " g "* 
worse at end of mission life when the 3130 kg of on-board kquid propellant .s depleted, the core 

spacecraft mass then reducing to only 2893 kg. 
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4) Conclusions 


The detailed assessment conducted by JPL into the possibility of powering the CASSINI mission with 
photovoltaic array and energy storage batteries has resulted in the identification of a projected mass 
increase of 1.396 tonnes for a LILT GaAs solution to 1.977 tonnes for a LILT Si solution. Both of these 
deltas result m a total spacecraft mass which is outside of the capability of the current best launcher 
option (Titan IV/Centaur) for the CASSINI mission. 

As a result of reviewing the system level evaluation conducted by JPL on can only support their 
present conclusion, that replacement of the three currently baselined Radio-isotope Thermal Electric 
Generators (RTGs) by a photovoltaic power source utilizing ‘start of the arf technology is impractical for 
the currently defined CASSINI/HUYGENS mission to Saturn and its moon Titan. 




it 
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MEMO: XPG/KB/4796-l/mac 


4-7-1996 


FROM: 

K. Bogus (XPG) 

TO. 

H. Hassan (PY) 

cc.: 

XP, C. Signorini (XPC) 


Subj.: LILT Solar Cells and JPL’s CASSINI Study 

Attached please find a draft of the XPG-assessment of the JPL-memo on “European LILT solar 
cells and Cassini” for your perusal. Following the incorporation of changes which you might 
propose, this could be send to JPL as planned. 

It is essential to take note of the following comments and remarks in order to read the assessment 
in the proper perspective: 

[1] The JPL-memo is a revision of on earlier JPL note by the same author, P. Stella who is a 
well-known solar cell expert at JPL. This previous note is not accessible in XPG. 

[ 2 i The JPL-memo mentions a Cassini solar array (system) analysi performed previously at 
JPL which apparently studied the mission-impact of replacing RTG’s by a solar array using US- 
solar cells. This report is also not available and outside the scope of our comments. 

PI The comments made on European LILT cells developed under ESA contract are limited 
to the component level. No solar array has been designed yet with these cells and statements on 
array subsystem level are therefore of somewhat hypothetical nature. Further comments on 
system level aspects could possibly be generated by systems engineers of the ROSETTA team. 
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ESTEC, 4-07-1996 


ESTEC-Solar Generator Technology Section Comments to the JPL-MEMO on 
“ European LILT Solar Cells and Cassini” 

(P. Stella/Ref. nr. 342-PSRE-95-119 Rev. A/date: 26-06-96) 


[1] General Remarks: 

Data available at ESTEC on European LILT-solar cells are limited to ROSETTA-type 
applications, i.e. up to about 6 A.U. and down to temperatures of -150°C. Therefore, data for the 
CASSINI mission have to be based on extrapolations with their associated uncertainties. This 
also applies to the particle radiation damage which for CASSINI is much more severe that for 
ROSETTA. 

The approach chose for these extrapolations in the JPL-memo appears generally sound 
and the general results obtained are considered as balanced and without over-pessimistic bias. 

[2] Detailed Comments: 

[2.1] The LILT-silicon cell efficiency reported by ESTEC at 5.8 A.U. and -150 degrees C is 
24%-26% whereas the JPL-memo quotes 22%-24%. These lower values are considered as 
realistic in the context of the memo considering die fact that the ESTEC reported data are peak 
values of laboratory-made devices and not mass-production devices on the one hand and also the 
possibly detrimental effects of temperature and lower sun intensity at 9.2 A.U.. 

[2.2] Sim ilar comments apply for the efficiency of the GaAs-on-GaAs cells. 

[2.3] The assumptions on cell mass and thickness for CASSINI-type solar arrays are 
considered as non-pessimistic for the silicon and GaAs-Ge-LILT-cells developed so far. It is 
noted that a reduction of cell mass might be feasible by developing LILT-GaAs cells in ultrathin 
substrate- free configurations as demonstrated by recent developments for 1 A.U. applications. 
Admittedly, the mass reduction on array level would be limited since the solar cell mass is only 
one of several array-mass determining factors. Moreover, ultrathin LILT cells have not yet been 
developed. 

JPL’s assumptions on anay mass can not be verified at ESTEC sincethey are based on a 
specific JPL-subsystem design. However, there is no reason to assume that the JPL data as used 
in the previous CASSINI solar array study, are over-pessimistic. 

[2.4] The statements made in the JPL-memo on radiation damage of LILT cells in the 
CASSINI radiation environmeftt indicate correctly the general trends but are fairly vague. From 
the data available at ESTEC the general trends as stated are confirmed and no data with higher 
accuracy can be provided since (a) the available measured data of low-temperature radiation 
damage in LILT cells are not giving a complete picture yet and (b) the CASSINI radiation 
environment is not known in detail and has not been analyzed at ESTEC. 

[3] Conclusion: 

The statements made in the JPL-memo referring to European LILT-solar cells result in an overall 
balanced and realistic picture of the LILT development results. The numerous uncertainties 
appearing in the memo are unavoidable since the LILT-development in Europe is oriented 
towards the ROSETTA-application which is very different from the CASSINI case. It is doubtful 
whether more accurate CASSINI-specific LILT solar cell data would lead to a radically different 
assessment regarding array mass and area. 
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Memo 


342-PSRE-9S- 1 1 9 


To: 

From: 

Subject: 

Date: 


Sandra Dawson a 

Paul Stella 

European LILT silicon cells and Cassini 
March 27, 1995 


Reference: 1 “Low Temperature Irradiation Damages in Silicon Solar-Cells” by 
Isamu Nashiyama, 1 1th International Symposium on Space Technology and 
Science, Tokyo, Japan, July, 1975 


The Cassini solar array analysis was reviewed and updated to account for improved silicon cell 
LILT performance using published data on the European research cells. This was done using 
data available prior to the December, 1994, World Photovoltaic Conference in Hawaii. The 
analysis that we performed first attempted to determine a cell efficiency for operation at 9.2AU. 
Since the European data at that time only covered distances out to 3.5 AU, that required an 
extrapolation. Data presented in December extends their measurements to 5+ AU, but doesn’t 
significantly change our assumptions. Their measured cell efficiencies have been in the 24-25% 
range at the shorter distances. We assumed that actual production cell performances would 
average approximately 22% for use on Cassini. This reduction from the research results is 
observed for both existing silicon cells and GaAs/Ge cells. In a conversation with one of the 
coauthors of the European work (K Bogus), he stated that he felt it would be necessary to 
slightly re duc e the maximum cell efficiencies in order to obtain a reasonable cell fabrication 
process. At present, die existing process is quite complex and unlikely to provide a yield of cells 
sufficient for realistic production. 

The existing European LILT silicon cell is approximately 200 microns thick, appreciably greater 
than die 62 microns assumed in our existing Cassini analyses. Due to the complexity of their 
process and the need for accurate cell surface etching, it is unlikely that cell thickness reduction 
can be implemented. At present, the Europeans have no plans to reduce the cell thickness. It 
turns out that the use of a 200 micron silicon cell will have approximately the same array blanket 
areal mass density (Kg/meter 2 ) as the 85 micron thick GaAs/Ge cell used in the Cassini analysis. 
Consequently, the approach undertaken in our “quick look” assessment was to recalculate the 
GaAs/Ge array using the higher value of 22% efficiency rather than the 1 8.3% value assumed 
for GaAs/Ge. This basically simulated replacing the GaAs/Ge cell with the thicker European 
LILT silicon cell maintaining the array blanket areal mass density value The projected savings 
in array area would then be 20%, corresponding to the difference in cell efficiencies However, 
this needs to be modified to include bypass diodes in the silicon circuits for an areal penalty of 
5%. These diodes are required to prevent catastrophic circuit damage in the event of cell 
fractures that are expected to occur. This requirement was determined from the NASA/JPL 
APSA lightweight array development program recently completed by TRW. Consequently the 
total array area reduction was Estimated at 15%. It was assumed that the mass savings would also 
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Sandra Dawson 
Page 2 

March 27, 1995 


be 1 5%, although a reality the area reduction would lead to a ira«r mass 
ft^on of flie lightweight deployable anay mass is contained in area 
m ° M ' 3 - “°nuinn- *™ Th» is 


r ^.°“fl C f° QS ^ actual improvements might be less than this are focussed primarily on 

^ S** ”*** ^ "** assumes that the eSS^ULT 

^1 rarhation degradation is the same as that for the GaAs/Ge cell However, it is w2TS>wn 

*? ^° tT9Q tl 511000 degradc merely than GaAs cells. Consequently it is 

d^Lte^ *"^"1 "*?“ be much less than 15%. Furthennor^AiSL cells 
degrade more severely than thm silicon cells. As a result, the European cell degradation will 
most lately be more severe than assumed for the existing Cassini GaAs/Ge or silicon analyses 

) di8Covered ® «■* “*«■• search (B. Nesmhha^ P. 
Stella) indicates that cells irradiated at low temperature conditions, such as would be 

encountered at Jupiter, suffer more severe degradation than cells subjected to the same 

irradiation at room temperature conditions. Inasmuch as the Cassini analysis has been conducted 

to date using room temperature laboratory radiation data it is likely that all solar array analyses 

have been using overly optimistic cell radiation assumptions. This can only be quantified by 

performing low temperature irradiations on the U S. and European cells of interest 


cc: C.Lewis 

B.Nesmith 
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Memo 


342-PSRE-95-1 19 REV. A 


To: Sandra Dawson 

From: Paul Stella JfytU' 

Subject: European LILT silicon cells and Cass ini 
Date: June 26, 1996 

Revision Kerns: This memo has been revised to include recent data on the 
European LILT solar cells and on integral bypass diodes for solar cells. The diode6 
that are now undergoing development would fit beneath the solar ceils and not 
utilize additional array area. Although it is not clear drat these would be compatible 
with ultra-thin solar cells, it will be assumed tint they will be suitable. This most 
recent data indicates that the initial Cassini array study results are still valid, i.e., that 
any such array will be prohibitively massive. 

References: 

1. “Low Temperature Irradiation Damages in Silicon Solar-Cells" by Isamu 
Nashiyama, 1 1th International Symposium on Space Technology and Science, 
Tokyo, Japan, July, 1975, 

2. “Development of Advanced Si and Ga As Solar Cells for Interplanetary 
Missions", by G. Strobl et al. Proceedings of the 14th Space Photovoltaic Research 
and Technology Conference, October, 1995, NASA Conference Publication 10180 


The Cassini solar array analysis was reviewed and updated to account for improved silicon cell 
LILT performance using published data on the European research ceils This was done using 
data from the December, 1994, World Photovoltaic Conference in Hawaii. The analysis that we 
performed attempted to determine a cell efficiency for operation at 9.2 AU. Data presented 
above extends their measurements to 5.8 AU and requires an extrapolation for use at 9.2 AU. It 
is noted from their dat that their is a small fall off in efficiency when moving from 3 AU to 5.8 
AU. This would suggest that 9 2 AU efficiencies would be even lower However, it was decided 
to use die 5.8 AU values, as measured, as an optimistic estimate. Their measured cell efficiencies 
have been in the 22-24+44 range at 5.8 AU, depending on the type of cell measured. They now 
are working with three (3) cell types, silicon, GaAs/GaAs, and GaAs/Ge (for the latter two cells 
the second entry is die base substrate material. The GaAs/Ge cell has been added since this 
memo was originally prepared. This was done to reduce costs and also to increase cell strength 
since pure GaAs is extremely fragile. Ge (germanium) provides an improvement although it is 
still much more fragile than silicon. For this reason, the GaAs type cells must be limited to 
minimum thicknesses twice the thickness of the thinnest usable silicon cell. Since GaAs and Ge 
have more than twice the density of silicon, the thinnest GaAs cell is approximately four times 
the mass of the silicon cell. We assumed that actual production cell performances would 

average approximately 22% for use on Cassini. This reduction from the research results is 
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Sandra Dawson 
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June 26, 1996 


observed for both existing silicon cells and GaAs/Ge cells ar - t u A u -_■ , 

oast in large production lots At nr^«t * e ‘ iects ^ variations that 

convent^ a lTS 5T* — complex than for 

Optimized for 9 2 AU cei!$ Vm “ especially true since a cell 

^ ^ °' " iraplt -——‘•—U.fcWtal 

?“ LIL I 5UiC00 “ s * TO * i ™“ | y ^ ■ ®«on» duck, appreciable gremer 

4»4e 62 onoor assumed in our existing Cassini analyses. Due to the wmSoaWth^- 

process and the need for accurate cell surface etching, it is expected that ■ 

******* *“* bre#ka!Se Jrobiem »- 1“ ** manufacnamof 11 
conventional ceils have discouraged use of cells of this thir size due to ex^ebr^l^Tt 

turns out that the use of a 200 micron silicon cell will have approximately the same arrav hl*rW* 

Gl iShm S faf our “quick look” reasasament wa, » recalculate the 

GaAa/Ge array performance using the higher value of 22*. efficiency obtained bv the Eam^n. 

S l ^^ 8 ^^“L C ^ lly “““ <d for G * As/<3e <™* basicity simLted^hd^ 
the 0*Aa/0e ceil With the thicker European LILT silicon cell mamaimmi the array hi-nZ. 

SS&S3 ® my are. would then be 20%. comsponding to 

™ “T* “« the nuts saving. would be somewhi let, 
ut the 10-15/. range There are two reasons for this Fim a large fraction of the listawenrht 
d^loyable array mass is contained in area independent components such as deplore* SL, 
Stthmfeontatnment structures Consequently, these masses would not change Second, as in 

‘TXc For ^ £ T m * ffiCUh * m * nuf>aur ' ute * ** «»r cdls t^hr^x^e 

G^ if^^-T"” T" 1 thick ”“ S “ « “Wy 100-125 microns. For 
“ rSl *• “ P ““ U5 ' “ ««“ «f *« "» of sn ultra-low mass flexible 

substrate and ultra-thin coverglasses (50 microns) This is considered an optimistic evaluation 

* °* 11 ““ ° 0uW ^ achleved b V “sing the LILT 

s^om ceil which ™hib,ti cffie.enc.rn a. 5 8 AU comparable or bener tha. the GaAs based cells 

w3TC^jt y '. If^L 0 ?! 0 ? beti " CaM " e fooossed primarily on cell radiatioo 

beha vior How ever, it a well known dial silicon cells degrade more severely than GaAs cells 

Darn proented in reference two shows a substantial power loss for the silicon cells a radiation 

levels thstire tew« dan presently anticipated for the Jupiter fly-bve. Fran the dam it is 

mtunatmi that die stltcon cells will lose between 30 and 40% of their unirradiated efficiency 

T“f O'* *«« fly-kye. Consequendy it is likely dat the a silicon array consisting of die LILT 

^ T“ "f up J’ ,< ! vi “' <*“ *« G»As my in order to compensate for the radiation 

FtaShSS Zl^ lf T i °S rami ° D (ref 1 > di!COT « d ® literature search (B. 

P indicates that ceils irradiated at low temperature conditions, such as 

would be encountered at Jupiter, may suffer more severe degradation than cells subjected to the 
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Page 3 

June 26, 1996 

same irradiation at room temperature conditions. Inasmuch as the Cassini analysis ha s been 
conducted to date using room temperature laboratory radiation data it is likely that ail solar array 
analyses have been using overly optimistic cell radiation assumptions. This can only be 
q u a ntifi ed by performing low temperature irradiations on the US. and European cells of interest. 

Consequently, it is concluded that the use of European LILT cells on a C assini array may 
provide some improvement in mass and area factors. However, due to the extreme requirements 
of this mission, die impact of these improvements is minimal and does not substantially change 
die basic conclusion regarding excessive array mass and area. 

cc: C .Lewis 

B.Nesmith 
R. Wilcox 
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APPENDIX D 


Summary Tables of Safety Analysis Results 


This appendix presents tables summarizing results from the most recent Cassini mission safety 
analyses for the GPHS-RTG Final Safety Analysis Report (FSAR) (LMM&S 1997a-h) and the 
LWRHU FSAR (EG&G 1997) for use in the Final SEIS. The primary reference for the GPHS- 
RTG results was the FSAR Supplemental Analysis volume (LMM&S 1997h). The results 
presented by mission segment (Pre-Launch, Early Launch, Late Launch, VVEJGA, and Overall) 
include accident source terms, release probabilities, radiological consequences, mission risks, and 
average individual risks. These results are presented in the following tables: 


Table D-l 
Table D-2 
Table D-3 
Table D-4 
Table D-5 
Table D-6 
Table D-7 
Table D-8 
Table D-9 


Summary of Accident Source Terms 

Summary of Mean Radiological Consequences 

Summary of 5-th Percentile Radiological Consequences 

Summary of 50-th Percentile Radiological Consequences 

Summary of 95-th Percentile Radiological Consequences 

Summary of 99-th Percentile Radiological Consequences 

Summary of Mission Risks 

Summary of Average Individual Risks 

Summary of GPHS-RTG Uncertainty Analysis Results 


Table D-10 summarizes the information sources for the results presented in Tables D-l through 
D-9, along with notes related to values extracted from the information sources and any 
calculations performed in summarizing the results. In summarizing the results from the safety 
analyses in Tables D-l through D-9, slight differences occur when compared to the source 
documents due primarily to roundoff. 

For a given mission segment result type reported in Tables D-l. through D-9, results for the 
GPHS-RTG and LWRHU are first reported separately and then combined. The combined result 
represents a probability weighting of the separate results for the GPHS-RTG and the LWRHU. 
As an example of this procedure, consider the results for the mean health effects (without de 
minimis) for a VVEJGA inadvertent reentry, presented in Table D-2 as 13 health effects for the 
LWRHU at a total probability of release of 8.0xl0" 7 and 140 health effects for the GPHS-RTG 
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at a total probability of 6. 3x1 O' 7 . The combined result is calculated as follows: 


Combined (rounded): 120 = [ 13(8.0xl0' 7 ) + 140(6.3xl0' 7 ) ]/8.0xl0' 7 

The results of 140 health effects for the GPHS-RTG and 13 health effects for the LWRHU cannot 
be simply added. The difference in the total probabilities of 8.0xl0' 7 for the LWRHU and 6.3x10' 
GPHS-RTG reflects the situation that given a WEJGA inadvertent reentry with a probability 
of 8.0x10 , there is a conditional probability of 1.0 that there would be a radiological consequence 
from the LWRHU and a conditional probability of (6.3xl0" 7 /8.0xl0' 7 ) = 0.79 that there would 
be a consequence from the GPHS-RTG. This difference in conditional probabilities is associated 
with the larger number of LWRHUs (157 considered in the analysis) compared to the number 
of GPHS modules (54) that reenter. 

This probability weighting procedure has been followed in Tables D-l through D-6, always 
normalizing to the higher of the two (GPHS-RTG or LWRHU) total release probabilities in each 
case. One exception to this approach to combining results occurs when the risk values in Tables 
D-7 and D-8 are combined. In this case, the risk is additive. Thus, the GPHS-RTG risk is added 
to the LWRHU risk to determine the combined risk, because the probabilities are already 
imbedded in the risk values. 


D-3 



Table D-1 Summary of Accident Source Terms (Page 1 of 2) 
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Table D-1 Summary of Accident Source Terms (Page 2 of 2) 



Product of initiating accident and conditional probabilities. 

No statistics generated because only four source terms were identified. 

No statistics generated because the source term is either zero or 1.54x1 O' 4 Ci. 

































































Table D-2 Summary of Mean Radiological Consequences 
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Maximally exposed individual dose. 












































































































Table D-3 Summary of 5-th Percentile Radiological Consequences 



-O O ID 


Collective dose and health effects reported with and without a de minimis dose level of 0.001 rem per year applied 
Maximally exposed individual dose. 

No statistics generated due to low probability of release and small source term. 

No statistics generated due to few cases above de minimis. 





































































Table D-4 Summary of 50-th Percentile Radiological Consequences 
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No statistics generated due to low probability of release and small source terms. 
No statistics generated due to few cases above de minimis. 




























































































Table D-5 Summary of 95-th Percentile Radiological Consequences 



Collective dose and health effects reported with and without a de minimis dose level of 0.001 rem per year applied 
Maximally exposed individual dose. 

No statistics generated due to low probability of release and small source term. 

No statistics generated due to few cases above de minimis. 











































































Table D-6 Summary of 99-th Percentile Radiological Consequences 
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Table D-7 Summary of Mission Risks 






































Table D-8 Summary of Average Individual Risks 
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Table D-9 Summary of GPHS-RTG Uncertainty Analysis Results 


1 

Mean Risk 

5% Confidence 
Level 

50% Confidence 
Level 

95% Confidence 
Level 

Pre-Launch 

3.4x1 O' 6 

7.6x1 O’ 8 

6.0x1 0‘ 6 

4.2x1 O' 4 

Early Launch 

4.7x10' 5 

5. 1x1 O' 6 

6.2x1 0‘ 5 

7.9x1 O' 4 

Late Launch 

9.2x1 O' 5 

4. 1x1 O' 7 

7.3x1 O' 5 

1.3x1 O' 2 

VEEJGA 

8.8x1 O' 5 

1.2x1 O' 6 

7.5x10' 5 

4.6x1 O' 3 

Overall 

2.3x1 O' 4 

8.3x1 O' 6 

2.2x1 O' 4 

1.9x1 O' 2 
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Note 1 .d applies. 
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Table D-10 Summary of Information Sources and Notes (Page 3 of 3) 
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APPENDIX E 


RESPONSES TO PUBLIC REVIEW COMMENTS 

The U.S. Environmental Protection Agency (EPA) published a Notice of 
Availability (NOA) for the Draft Supplemental Environmental Impact Statement 
(DSEIS) for the Cassini mission in the Federal Register on April 11, 1997 (62 F.R. 17810). 
The DSEIS was distributed by NASA, along with supporting documentation (HNUS 
1997), to over 150 potentially interested Federal, State and local agencies, organizations, 
and individuals. The public review and comment period closed on May 27, 1997. A total 
of 16 comment letters were received: 3 from Federal agencies, 1 from an organization, 
and 12 from individuals. 

This appendix provides specific responses to the comments received from the 
agencies, the organization, and the individuals listed in Table E-l. Copies of the 
comment letters are presented in the following pages. The relevant issues in each 
comment letter are marked and numbered for identification along with the National 
Aeronautics and Space Administration's (NASA) response to each issue. Where a 
comment resulted in a change in the text of the SEIS, it is so noted in the response. 

The comments received address a number of issues, including, but not 
necessarily limited to: 

• the use of solar technology for the Cassini mission 

• the properties of plutonium (e.g. , toxicity) 

• the ability of the RTGs to survive reentry 

• emergency response plans 

• availability of baseline assumptions and analyses 

In addition, for those commentors requesting more in-depth background 
information on the analyses, NASA has forwarded a copy of the Final SEIS and a copy 
of the recently available Safety Analysis Reports (SARs). The SARs provide an in-depth 
discussion of the assumptions and methodologies used to develop the consequences 
reported in this SEIS. 
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Table E-l Agencies and Individuals Providing Comments 


| Commentor 
Number 

Date of 
Comment 

Organization 

Individual Presenting 
Comment 

A 

5/8/97 

Department of the Air Force 

Olin C. Miller 

B 

5/20/97 

Department of the Interior 

James H. Lee 

C 

5/27/97 

Environmental Protection 
Agency 

Richard E. Sanderson 

1 

4/14/97 

Private Citizen 

Dr. Mary Ann Lawrence 

| 2 

5/23/97 

Private Citizen 

Russell D. Hoffman 

3 

5/21/97 

Private Citizen 

Gary L. Bennett 

4 

5/21/97 

Private Citizens 

Anthony Ehrlich and 
Harvey Baker 

5 

5/24/97 

Private Citizen 

John Robert Lehman 

6 

5/21/97 

Private Citizen 

Marc M. Cohen 

7 

5/23/97 

Private Citizen 

Thomas W. Chao 

8 

5/22/97 

Private Citizen 

Victoria Nichols 

9 

5/3/97 

Private Citizen 

Dorothy Scott Smith 

10 

5/19/97 

Private Citizen 

Jeanna D. Vicini 

11 

5/23/97 

Private Citizen 

Margaret N. Spallone 

12 

4/1 1/97 


Edward D. Ramsberger 

13 

4/29/97 

Florida Southwest Peace 
Education Coalition 

Malcolm Chubb 
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Commentor A: Department of the Air Force 



DEPARTMENT OF THE AIR FORCE 

«TM **«C* WWO <Ar$*a 


MEMORANDUM FOR CODE SD 

ATTN: Mr. MARK R. DAHL 
NASA HEADQUARTERS 
WASHINGTON DC 20546 -0001 


UftAM 


'3 


FROM: 45 CES/CEV 

1224 Jupiter Street MS 9125 
Patrick AFB FL 32925-3343 

SUBJECT: Review Commen t* for the Draft Supplemental Environment a l Impact 

Statement (EIS) Baseline for NASA’s Proposed CASSINI Mission to be 
Launched from Canaveral Air Station 

1. The attached review comment* (Atch 1) for the subject Draft Supplement a l EIS are 
provided for your action. We have reque st ed additional copies of the subject document 
from HQ NASA (Mr. Ken Kumor) for review by the 45th Space Wing (45 SW) Safety 
Office and Radiation Office. Therefore, you may receive additional comments at a later 
date. Please incorporate these comments and provide a minimum of four copies of the 
future documents to 45 CES/CEV at the above address. Please return a copy of all 
comment sheets showing the action taken on each comment received. 

2. In addition we are providing a copy the 45 SW updated Environmental Impact 
Analysis Process (Atch 2) and our NEPA requirements regarding payloads (Atch 3). 
The point of contact for the National Environmental Police Act at the 45 SW is 

Ms. Ginger Crawford at 407-494-5286. 

OUN C. MILLER 

Chief, Environmental Flight 

Attachments: 

1. Review Comments 

2. 45 CES/C Ltr, 28 Jan 97 

3. 45 CES/CEV Ltr. 12 Jul 96 


NASA/MD-MED-P94-142 - i - L 
NASA/DE-EMO 
45 SW/XP wo atch 
LBSC 5055 wo atch 


Golden Legacy, Boundless Future . . . Your Nation s Air Force 




Commentor A: Department of the Air Force 
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Commentor A: Department of the Air Force 


Johnson Controls World Services Inc 
Launch Base Support Project 
Cape Canaveral Air Station 
Post Office Box 1228 
Cape Canaveral. FL 32920-1228 


JQHNSON 

CONTROLS 


45 CES/CEV 

1224 Jupiter Street 

Patrick AFB, FL 32925-3343 


MT 1 2 1997 

•> 

I ♦ 1997 


SUBJECT : CONTRACT F08650-92-C-0062; Review of the Draft Supplemental 

Environmental Impact Statement (DSEIS) for the Proposed Cassini 
Mission From Cape Canaveral Air Station (CCAS), Florida (CDRL 063A2) 


REFERENCE: Written Request From Ms. Ginger Crawford 45 CES/CEV Dated 8April 1997, 
Review of the Draft Supplemental Environmental Impact Statement (DSEIS) 
for the Proposed Cassini Mission from Cape Canaveral Air Station 
(CCAS), Florida (CDRL 063 A2) 


The LBS Environmental office has reviewed the Draft Supplemental Environmental Impact 
Statement (DSEIS) for the proposed Cassini Mission to be launched from Cape Canaveral Air 
Station (CCAS), as requested by reference. Our reviewers find the DSEIS to be complete and 
adequate with regards to addressing the potential for radiological contamination caused by a 
catastrophic mission accident that results in the release of plutonium dioxide (PuO*). This 
office would like to offer the following suggestions for consideration by the proponent 

1 ) The last sentence in section 4. 1 22 states a probability of less than 1 in 53 million 
of incurring cancer due to exposure from an accidental PuC >2 release. Some other 
cancer probabilities, such as exposure to second-hand cigarette smoke, listed for 
comparison, may further interpreting the low probability/insignificance of this 
potential impact, and 

2) based upon the new information recently made available from updated mission 
safety analysis, the proponent might consider revising the Record of Decision 
(ROD) included as Appendix A of the DSEIS. 


A-4 


A-5 
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Commentor A: Department of the Air Force 


Questions or requests for additional information regarding the review of the subject DSEIS 
should be directed to Mr. Don George, 853-6578. 



Mark P. Chatelain 

Manager, Environmental Compliance 


DG/lb/853-6578/FAX 853-6543 
Attachments: a/s 

cc: Environmental Superintendent 

Director, Technical Assurance 
LBS 5055 (D. George) 
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Comment Number A-l 


RESPONSES TO COMMENTS 
Commentor A: Department of the Air Force 


Additional copies of the Draft Supplemental EIS were provided to the 45th Space 
Wing for use by its Safety Office and Radiation Office. 

Comment Number A-2 


The safety analysis conducted for the Cassini mission encompasses all the 
accident environments that were present during the Delta failure. Scenarios related to 
launch pad accidents took into consideration the observed dispersal plumes associated 
with the Delta solid rocket motor propellant fires. 

Comment Number A-3 


A Phase 0 and Phase 1 accident could potentially affect CCAS and its ability to 
launch Department of Defense (DOD) missions. This eventuality is addressed in the 
contingency planning process for the Cassini mission and in CCAS — specific 
radiological protection plans. In the unlikely event of such an accident, the 

contamination levels would be assessed and the appropriate cleanup response 
measures initiated to restore the affected portions of CCAS to mission-capable status in 
a timely fashion. 

Comment Number A-4 


The June 1995 Cassini EIS provided a table (Table 4-20) which is useful in 
comparing Cassini mission risks with various fatality risks in the U.S. 

Comment Number A-5 


A Record of Decision will be issued at the completion of the NEPA process with 
the Final SEIS serving as a primary input document. 
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RESPONSES TO COMMENTS 
Commentor A: Department of the Air Force 
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Commentor B: United States Department of the Interior 


United States Department of the Interior 

OFFICE OF THE SECRETARY 
OFFICE OF ENVIRONMENTAL POLICY AND COMPLIANCE 
Richard B. RimtU Federal Building 
75 Spring Street, S.W. 

Atlanta, Georgia 30503 

May 20, 1997 


ER— 97/229 


Mark R. Dahl 

Program Executive, Cassini 
Mission and Payload Development Div. 
Office of Space Science 
Code SD, NASA Headquarters 
Washington, DC 3330546-0001 


Dear Mr, Dahl: 

The Department of the Interior has reviewed the Draft Supplemental 
Environmental Impact Statement (EIS) for the NASA's Cassini 
Mission, as requested. We have no comments to offer. 

Thank you for the opportunity to review this environmental impact 
statement . 


Sincerely, 




RESPONSES TO COMMENTS 
Commentor B: United States Department of the Interior 

Thank you for your letter. 
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Commentor C: United States Environmental Protection Agency 

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

WASHINGTON, D.C. 20460 


MAY 2 7 1997 


Mr. Mark Dahl 

Office of Space Science (Code SD) 

NASA Headquarters 
Washington, DC 20546-0001 

Dear Mr. Dahl: 

The Environmental Protection Agency (EPA) has reviewed the 
National Aeronautics and Space Administration (NASA) draft 
supplemental environmental impact statement (EIS) for the Cassini 
Mission. This review was conducted in accordance with our 
responsibilities under section 309 of the Clean Air Act and the 
National Environmental Policy Act (NEPA) . We have classified 
this draft EIS as EC-2 (environmental concerns, insufficient 
information) . 


C-l 


C-2 

C-3 


Additionally, EPA does not believe that the information 
presented in the EIS sufficiently addresses the needs of 
emergency response planning and activities. The consequences 
from a full range of scenarios, including the worst case source 
terms for both launch and reentry scenarios, should be calculated 
and included in the final supplemental EIS. The use of 
statistically derived worst case scenarios downplays the level of 
risk which could occur in the worst case. 


FfecycIwlfftecycJabto • Printed wtth Vegetable OH Based inks on 100% Recycled Paper (40% Postconsumer) 
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EPA is concerned that the radiological dose estimates were 
presented in the document without sufficient information 
regarding the key underlying assumptions used to make those 
estimates. The documentation should have provided population 
distribution information used to develop the radiological 
collective dose and health effect information. Additional 
information regarding the methods used to verify, validate or 
benchmark the computer models used to perform these calculations 
should be provided to the decision-maker and the public as well. 


OFFICE OF 
ENFORCEMENT AND 
COMPLIANCE ASSURANCE 




Commentor C: United States Environmental Protection Agency 


To illustrate our concern for this issue, a set of 
calculations for releases of radioactivity from accidents during 
the early launch phase of the Cassini Mission have been performed 
by EPA's Center for Risk Modeling and Emergency Response. While 
EPA recognizes that such an event has a very low likelihood of 
occurring, EPA thinks it is important to consider such 
occurrences for emergency response planning purposes. In 
general, these equations estimate that higher doses may exist 
miles downwind if the full inventory of radioactivity were 
released near the ground. In contrast, the worst case scenario 
in the supplemental EIS results in lower offsite doses than EPA's 
calculations because it is weighted by the probability of such an 
occurrence. The equations and assumptions used to make these 
calculations are enclosed. 

Thank you for the opportunity to comment on this 
supplemental EIS. If you have any questions regarding these 
comments or the ratings, please contact Patricia Haman of my 
staff at 202-564-7152. 



Enclosure 


Richard E. Sanderson 
Director 

Office of Federal Activities 



Commentor C: United States Environmental Protection Agency 


Radiological Dose In Turbulent Shear Environment, T.Margulies, epa 


x = Q 
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Concentration calculations in a turbulent wind shear environment have been solved for tlie case of constant 
When the vertical wind profile, ihe horizontal diffasivlty, and vertical dlffusivity can be represented 
by power law functions of the vertical axis z. This relationship provides the concentration versus location 
(x,y,z) ava ilable to hypothethetkal individuals outdoors.This information has been combined with a source of 
radioactivity, adult weighted breathing rate ( 2.66 lfT 4 m J /s), and dose factor information (1.04 10"* Sv/Bq) to 
the Inhalatio n pathway contribution to dose. Formulas for the concentration % are shown above to 
obtain the concentration field from a source at ( x* y„ zj. I-v Is a modified Bessel function of the first kind of 
order -v. This was calculated in a program for accidental releases of plutonium-238 with a decay rate of 87.75 
years to estimate doses versus distance . The release term assumed was 4360 curies at 10 meters, during neutral 


weather conditions. The 50-year dose commitments are shown below. 

Distance (mi ) 

Dose ( Rem ) 

i 

24028 

5 

1556 

10 

474 

15 

236 

20 

144 

25 

98 

a = 61; b=11.3; c=.145; p=.855; z=l; B=1.65 x A (0.667); z=10; Z=l; Q=4360 
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RESPONSES TO COMMENTS 
Commentor C: United States Environmental Protection Agency 


Comment Number C-l 


The recently available Cassini Mission Safety Analysis Reports (SARs) (LMM&S 
a-j; EG&G 1997) have been forwarded to the commentor. The SARs provide detailed 
descriptions of the suite of atmospheric transport and diffusion models, the modeling 
assumptions, and the methodology implemented for the nuclear safety analysis. This 
information can be found in the Nuclear Risk Analysis Document Appendices Volume 
III, Book 2 (LMM&S e): 

Appendix F: SATRAP Model Description 
Appendix G: GEOTRAP Model Description 
Appendix H: HIAD Model Description 
Appendix I: PARDOS Model Description 
Appendix J: PUFF Plume Rise Model 

The population data for the KSC/CCAS region, defined by a 200 kmx200 km 
grid centered between LC-40 and LC-41 at CCAS, includes information for on-site and 
off-site spectator, on-site worker, and off-site residential population groups as well as 
surface type data (dry land, water, swamp, and ocean) at a 1 kmxl km resolution. 
Other launch area data bases used in the risk analysis include pasture land, crop land, 
citrus farms, ground cover, and land usage information. Beyond the launch area grid, 
population distribution information is provided in a worldwide data base, which 
provides surface type and population density distributions by surface type in 720 equal 
area cells. See the RTG SAR, Volume III, Book 2, Appendices D and E (LMM&S e) for 
additional information. 

Comment Number C-2 


The KSC/CCAS regional and worldwide population and land use data bases 
used for these analyses are also presented in the document cited in C-l above: 

Appendix D: Site-Specific Demographic /Land Usage Data Description 
Appendix E: Worldwide Demographic, Surface Type, and Meteorological Data 

Comment Number C-3 


Available verification of the modeling is contained in the SAR Volume III, Book 2, 
Appendices F, G, H and J, (LMM&S e). 

Comment Number C-4 


It should be noted, at the outset, that the EPA's Office of Radiation and Indoor 
Air is a participant in emergency planning for the Cassini mission. Radiological 
contingency plans are being developed by NASA/KSC and USAF/CCAS in accordance 
with the Federal Radiological Emergency Response Plan (FRERP) to address specifically 
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RESPONSES TO COMMENTS 
Commentor C: United States Environmental Protection Agency 


the initial response that would be required in the unlikely event of an accident affecting 
the launch site. Similar plans already exist at the State and county (Brevard) levels in 
Florida, and are in the process of being updated for the Cassini mission. The 
NASA/USAF and State of Florida plans are also being closely coordinated with the 
USDOE, which maintains its own set of emergency response instructions for 
radiological accidents of many kinds, to ensure a coordinated initial response to any 
accident. 

In addition NASA/KSC and the DOE are coordinating closely with the State of 
Florida on development of recommended protective actions that could be implemented 
in the unlikely event of a release of radioactive material, both for the launch site and for 
public areas. Because there is a large range of variables influencing the outcome of 
potential accident situations, the range of protective actions can be similarly large. 
Protective actions for the general public would be announced by the State of Florida in 
consideration of the specific circumstances accompanying any accident. 

Further, in coordination with other Federal agencies, all contingency plans will 
be in place prior to launch of the mission. In those plans the concept of operations for 
longer-term actions such as recovery of the radioactive material and facilities are also 
considered. Long-term actions will depend on all the circumstances surrounding an 
accident, and cannot be fully developed until all such circumstances have been taken 
into account. The details of the emergency response plans are independent of the 
NEPA documentation for the mission. 

The objective of a probabilistic risk assessment is to determine the likelihood of 
potential radiological consequences for the full range of possible pre-launch, launch, 
and inadvertent EGA reentry release accidents, and to communicate the associated risks 
to the decision makers and the public. The information presented in the draft SEIS and 
the accompanying HNUS technical support document (HNUS-97-0010) provides 
radiological consequence results for the mean and 5-th, 50-th, 95-th, and 99-th percentile 
levels. These calculated source terms and radiological consequences are conditional on 
the occurrence of a plutonium dioxide release accident, and the information 
summarized by mission segment were developed from individual accident case 
simulation results given in Appendix A of HNUS-97-0010. These source term and 
radiological consequence results represent credible accident outcomes determined by 
the detailed modeling, and any credible worst case scenario is implicit in these results. 

Comment Number C-5 


The difference between the SEIS and EPA early launch accident calculations is 
unrelated to a probability weighting of the results, but rather arises from the fact that 
the EPA calculations do not properly account for the particle size characteristics or 
vertical distribution of the plutonium dioxide release. The hypothetical accident 
scenario used in the EPA calculations involved the 99-th percentile GPHS-RTG source 
term (4360 Ci) for the early launch mission segment as presented in HNUS-97-0010, and 
the assumption that the total plutonium dioxide release was entirely in the form of 
submicron, respirable plutonium dioxide in a puff at 10 meters. These are not credible 
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RESPONSES TO COMMENTS 
Commentor C: United States Environmental Protection Agency 


early launch accident plutonium dioxide release conditions. The relevant information 
on the early launch accident particle size distributions and the vertical plume 
configurations are now presented in the SAR Addendum (LMM&S g). 

As noted in the response to Comment C-4, the 99-th percentile radiological 
consequences presented in Table 6-5 of HNUS-97-0010 apply given the occurrence of 
the accident release. The calculated collective dose value at the 99-th percentile level 
was 7500 person-rem for early launch accidents, while the corresponding maximum 
individual dose for this mission segment showed that the dose received by any 
individual in the exposed population was no more than 2.2 rem. The probability of 
exceeding this radiological consequence outcome was and is 0.01 given an early launch 
plutonium dioxide release accident, and the total probability was 6.3x1 O' 6 to observe 
this radiological consequence outcome during the early launch mission segment. The 
SAR Addendum provides updated and additional information, in the form of 
complementary cumulative distribution functions, to estimate the possible radiological 
consequence outcomes of early launch accidents at lower probabilities of occurrence, 
but there are no credible accident outcomes that resemble the conditions of the 
hypothetical scenario used in the EPA calculations. Additional information is provided 
in Table D-6 of Appendix D. 
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Commentor 1 : Mary Ann Lawrence 


pit. 1 Of 2 pgs. 

5951 S.W. 45th Way 

Ft. Lauderdale, FI. 33314 

April 14, 1997 

Mr. Mark R. Dahl 

Program Executive, Cassini 

Mission and Payload Development Division 

Office of Space Science 

National Aeronautics and Space Administration 
Headquarters 

Washington, D.C. 20546-0001 

re 1 Cassini Mission - EIS dated 2/92, FEIS dated 6/95* 

Nuclear Safety Analysis dated 4/97 and DSEIS dated 
4/97 

Dear Mr. Dahl, 

Thank you for the opportunity to review and comment. 

The people have spoken with overwhelming comments 
in FEIS, reiterating that that the public doesn't want 
NASA to put deadly plutonium in space. The creator 
gave man a natural life system, which holds the earth 
together. When the air is destroyed, man will be 
destroyed and there will be no future except death for 
mankind. No government or Industry owns the air and has 
the right to send deadly plutonium into the air, with a 
potential capability to fall to earth and kill millions 
of people. It is likely that much smaller amounts 
of plutonium releases have already occurred at different 
times in the past, resulting in increased rates of lung 
cancer worldwide. 

An important questifcn to ask is* Why is NASA 
taking such a big risk when there is evidence that 
Cassini could be performed safely with solar power? 

It has been common practice in the past for the 
government to collaborate with big industry on 
environmental Issues, using a 'good old boy' policy, 
often allowing industry to set up government procedures 
and rules for mutual perks and benefits. One cannot 
help but wonder 'who is benefiting' by NASA Insistence 
on going ahead with a program which could have such 
damaging results. Never before, in the history of 
mankind, has such a large amount of plutonium (73 lbs), 
been sent up in space. 

And all this is costing the taxpayers over three(3) 
billion dollars. 


E-19 



Commentor 1 : MaryAnn Lawrence 


Pg. 2 Of 2 pgs. 


Could it .just be that this so-called peaceful 
mission of NASA, in combined cooperation with the 
European and Italian Space Agencies, to explore 
Saturn and its environment, is, in reality, a frantic 
race by the industrial/military Comdex to develop 
technology for control of nuclear militarization of 
space? 

I close with a short prayer I made* 

Oh great creator of the Universe 
Maker of the natural systems of life 
Giver of the sweet air we breathe and fresh water we 
drink 

Let not the little men of greed, power and money 
destroy our mother earth 
Turning it from heaven into a living hell 
Don't the little men know that. Just as in the past, 
sooner or later, a nuclear accident will occur, and 
their manipulated statistical charts will become 
meaningless 

Don't the little men know that they will perish right 
along with millions of others - whose rights they have 
trampled upon 


MLtml 
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RESPONSES TO COMMENTS 
Commentor 1 : MaryAnn Lawrence 

Comment No. 1-1 

It is not correct, as the commentor asserts, that the Cassini mission involves a 
"big" risk. The recently available Safety Analysis Reports (LMM&S a-j; EG&G 1997) 
indicate that the risks are low. 

The Jet Propulsion Laboratory conducted for NASA an in-depth analysis of the 
available electrical power systems, including many different solar, battery, and long life 
fuel cell power sources and hybrid systems to identify the most appropriate power 
source for the Cassini mission (see JPL 1994, Supporting Studies Volume 2). This study 
concluded that RTGs are the only technically feasible and available power source for the 
mission. Subsequent to this study, JPL conducted a further assessment of the new 
high-efficiency cells under development by the European Space Agency, which 
reaffirmed JPL's previous finding that solar power is not a viable option for the Cassini 
mission to Saturn. For more details please refer to Section 2.1.4 of this Final 
Supplemental Environmental Impact Statement (FSEIS). 

Comment No. 1-2 

Cassini is an international scientific mission for peaceful purposes to benefit all 
humankind. It is not "nuclear militarization of space" as the commentor contends. 
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RESPONSES TO COMMENTS 
Commentor 1 : MaryAnn Lawrence 
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Commentor 2: Russell D. Hoffman 


From: Russell D. Hoffman 
P.O. Box 188006 
Carlsbad CA 92009-0801 

To: Mark R. Dahl 

Program Executive 

Cassini Mission and Payload Development Division 
Office of Space Science, Code SD 
NASA Headquarters 
Washington DC 20546-0001 

Cc: Earle K. Huckins m 

Deputy Associate Administrator for Space Science 
NASA Headquarters 
Washington DC 20546-0001 

Cc: The White House, various other interested parties 

Date: May 23rd, 1997 

Re: Final submission of 36-point commentary on NASA DSEIS for the Cassini Mission. 


Dear Sir: 


Fnplmc#^ please find one copy of my comments to NASA regarding the DRAFT 
SUPPLEMENTAL ENVIRONMENTAL IMPACT STATEMENT FOR THE CASSINI 


MISSION. As stated in a letter from Mr. Huckins dated May 14th, 1997, 1 understand that 
NASA will be publicly addressing the items in this commentary in the upcoming 1997 “ Final” 
EIS on the Cassini mission. 


This document replaces the version of my answer marked “draft** and sent to you approximately 
one month ago and sent to NASA Administrator Daniel Goldin and President Clinton and others 
somewhat more recently. I am sending this final version via overnight courier service to ensure 
it’s receipt at your office prior to the May 27th (4:30 pm EDT) submission deadline. 

The most significant change is an additional paragraph (#3) in item #8. There is also some 
aAtitirmal commentary in the beginning, and a few minor corrections throughout the rest of the 
document. 

I look forward to reading how NASA intends to answer this commentary. However, I must 
mal<y dear my feeling that the correct action on NASA’s part would be to throw out the entire 
EIS procedures and redo the document based on better science. 

In any event, thank you again for sending me the DSEIS and for your assistance in the matter of 
getting this submission into the system. If I can be of any service please do not hesitate to 
contact me. 



Commentor 2: Russell D. Hoffman 
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Mr. RuimII 0. Hoffman 
P.O. Box 188008 
Carlsbad, CA 91009-0801 


Omar Mr. Hoffman: 


Thank you for your letter and printed version of your v«b 
site dated April 38, 1997, to HAS* Administrator Daniel s. 
Goldin concerning the Cassini mission to Saturn. Your 
materials were forvarded to me for a response. 

Me appreciate your concern in taking the time to reed and 
comment on all our informational material. However, I would 
like to emphasise that the information contained and 
referenced in our Environmental Impact Statements, fact 
sheets, and web site are the best available, factual 
information relating to risks associated with the Cassini 
mission. Your 38 points commmnting on tha Cassini 
Supplemental Environmental Impact Statement will be 
addressed in the Cassini Pinal supplemental Environmental " 
Impact Stateeent and made available to the public. 

Additionally, before launching 8ASA spacecraft with RTSs, 
thorough and detailed safety teats and analyses of the 
consequences of potential accidents are conducted. The 
nuclear sefaty analyses for a mission undergo independent 
evaluations by nationally or internationally recognised 
experts . Knowledgeable representatives from othar federal 
agencies who have spools 1 expertise in nuclear materials 
also evaluate those analyses. These evaluations ere 
presented to and considered by the NASA Administrator prior 
to a decision to launch. 


sincerely. 



/fcarlo K. Kuckina HI 
‘Deputy Associate Administrator 
for Space science 
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Commentor 2: Russell D. Hoffman 


lMuah t Crv , He A nary. Do Something... 

Draft Supplemental Environmental Impact 
Statement for the Cassini Mission 

Analysis of NASA Procedures ( Final Version ) 

by Russell D. Hoffman Copyright (c) 1997 

First published online Saturday, April 12th, 1997 


On Monday, April 6th, 1997, NASA sent me, via Certified Mail, Return Receipt Requested, a copy of the 
DRAFT SUPPLEMENTAL ENVIRONMENTAL IMPACT STATEMENT FOR THE CASSINI 
MISSION (DSEIS) and an accompanying document called NUCLEAR SAFETY ANALYSES FOR 
CASSINI MISSION ENVIRONMENTAL IMPACT STATEMENT PROCESS. 

These two NASA documents are not good science. They are not even science. They are nothing more 
than a biased review of selected data, and very little real data is actually presented. 

I found my name on the back pages of the DSEIS, along with about 80 other individuals, 30 
environmental, peace, and other groups, and about 30 Federal, state, and local government organizations. 
A quick look where my name appears might lead you to think (as it did some of my friends) that I 
endorse this DSEIS, or that I have at least been consulted. I have not been consulted and I do not 
endorse these documents! 

A US EPA Notice of Availability (NOA) regarding the DSEIS was published in the Federal Register on 
April 11, 1997. 

On May 17th, 1997 1 received a letter from Mr. Earie K. Huckins m. NASA Deputy Associate 
Administrator for Space Science, stating that this 36-point commentary "will be addressed in the Cassini 
Final Supplemental Environmental Impact Statement and made available to the public". Fat lot of good 
that’s going to do! NASA should be THROWING OUT the EIS and redoing it with good science based 
on the work of people such as Dr. Stemglass, Dr. Gofinan, Dr. Morgan, Dr. Gould, Dr. Caldieott, and 
many many others. Merely answering my questions can only go so far... 


After receiving the documents, I called a former director of the Health Physics Divisioa of Oak Ridge 
National Laboratories, Dr. Karl Z. Morgan. Dr. Morgan is referred to as "the father of Health 
Physics" and stands in staunch opposition to NASA's nuclear space policies. 

1 started to ask him about some of the claims NASA makes in the document, but he stopped me and said 
it all doesn't really matter, because "it's a serious mistake to carry out such 'research'" and that all such 
calculations "are a bit absurd". 

What plutonium particles can do: 
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Dr. Morgan explained to me that the way plutonium works is basically like this: when a particle of 
plutonium lodges in the body, the localized radiation dose to the nearby living cells from one of the "fine 
particles can be 1 000 s of R£M per year if the plutonium stays fixed in one place. If it moves around in 
the body, the dose will be spread out among the cells it is in close proximity to. 

At that high level of radiation, nearby cells will die, but ones a little further away will survive -- and be 
irradiated, and possibly mutate into a cancerous form. 

Dr Morgan also explained that the incineration of an RTG would produce "a spectrum of sizes" and he 
added "any one of them — they could all be inhaled. I hope our government will be more cautious in n<ing 
plutonium.” 

This is one of the many learned scientists whom NASA is ignoring. This is someone with the facts that 
NASA would rather pretend not to know. 

Next, I read the DSEIS documents. 

These documents supplement the original "FINAL" ENVIRONMENTAL IMPACT STATEMENT FOR 
THE CASSINI MISSION. In that original document, some of the items in th*se two documents are more 
thoroughly discussed, but generally it is still a shallow review of the overall mission risks. 

These documents are missing a tot of important information. I came up with a list of items that I think 
should be considered, included, or fixed. Some are major, and I suppose some are minor. But all of them 
should be considered, every single one, and none should be left unconsidered. I think many of the reasons 
can stand atone as a reason not to use nuclear power in space and not to fly the Cassini missio n Taken 
together, I believe NASA's position is utterly indefensible. 

Cassini can be stopped any time before the FINAL MOMENT when President Clinton sign* off and takes 
final, full, moral responsibility for this dangerous and ill-conceived mission and someone pushes the 
button. I would not push the button... 

It is interesting to note that in every instance where I found the science appearing to be compromised, the 
effect allowed NASA to fudge the figures in their favor. Every single instance. That's a pattern. 

On with the list: 


1 


The solar option, which has been disavowed by NASA, would allow us to do the most interesting and 
important experiments which NASA is now incapable of doing with the current launch configuration. 
The rings of Saturn are the most interesting reason to go to Saturn, and only a long-term visit, so we can 
observe how they change over time, will really reveal anything useful. Yet NASA’s Cassini mission will 
end in 2004 just four years after it arrives in Saturn's vicinity! On the other hand, use of a solar option 
would have meant that the spacecraft, once it got to Saturn, would be operable there for decades and 
decades. Then a proper study of the rings would be possible. Failure to use the solar option has infant 
that the science is not as good or as useful as it could be. 
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2 




The solar option which NASA discounts as unmaneuverable requires either four long arms, 140 feet by 
1 1 .5 feet each or two long arms, 105 feet by 30 feet. Why isn't NASA considering a circular array 
mounted on an articulated gimbal instead? The same area as NASA's solar array (6,430 square feet) can 
be obtained in a 45-foot radius circle, which would be much easier to maneuver than NASA's solar 
example. And lighter to build. NASA’s solar option uses an archaic solar array seemingly designed for 
failure ! 


2-2 
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The report gives health guesses for a 50-year period. Because the half-life of Pu 238 is 87.7 years, a 
500-year period or even a 1000-year period would be much more approp ria te. Additionally I do not 
believe NASA has accounted for a doubling, or even a 10-fold or 20-foU increase in population during 
that time. These two factors alone can mean NASA's numbers are off by a factor of 100 or more. 

4: 


Plutonium in the food chain is covered by just one sentence in these documents and by only a few 
paragraphs in the original "final" Environmental Impact Statement They don't project past 50 years, yet 
over the next few centuries this will become (after the stuff has largely settled back to earth) the most 
common way that plutonium from an accident will be introduced to living beings — especially meat-eating 
human* — a gain and again, as part of the food chain. Considering the projection only goes out 50 years, it 
is clearly a topic that needs more proper analysis. 


2-4 


5: 

There are few descriptions of how NASA came about the many numbers they present. Are human factors 
such as reliability included when considering the chances of a failure? And the degree of accuracy in each 
number NASA supplies a false sense of confidence. Many of them are "accurate" to three decimal 

places. That is highly, hi ghly , doubtful. Normally, scientists round these sorts of things to no more than 2 
digits and a multiplier, not three digits. 

An appendix containing a complete example of how they did their math would at least offer some small 
proof of NASA's confidence in their guesswork. A table showing the factors considered, and then- 
weights, might go a long way towards earning the public's confidence in NASA's numbers. 

6: 

Of all the reasons NASA offers for launching Cassini in the first place, probably 99% of them would still 
have been accomplished if the ultimate goal was something like MAG LEV TRAIN SYSTEMS or 
INTERCONNECTING SCHOOLS THROUGH FIBER-OPTIC TECHNOLOGY. But no. Every thing 
that NASA has ever accomplished or might accomplish is lobbed into "science at it’s best” and the need 
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for RTGs and a 'safe' nuclear space policy. 

But in reality not only would 99% of the technology still appear, but most of what wouldn't appear, isn't 
wanted or needed anyway! Civilians will never need to use RTGs on earth, for example (and no one else 
should). So if the mission's science benefits are largely independent of the use of the RTGs, then the 2 ‘ 6 

actual reasons for using the RTGs must be that much better if you are trying to use those reasons to (Continued) 

justify taking a risk, as NASA is required to do. And the reasons NASA has given — the reasons that 
could not be transferred to virtually any other project -- simply aren't that good. 

7: 

I wonder how come the maximum worst case scenario NASA describes in the DSEIS is only about 120 
latent cancer deaths? 72 pounds of plutonium is just much more deadly than that! What has happened is 
that before calculating what the effect of the poison will be, they have first eliminated as much as 99% or 
more of the poison from the calcula t ion. They did this several ways. First, they average the releases from 
different accident scenarios. On the flyby, their worst-case averaged to a little more than l/l 5th of the 
total fuel pack. This averaging is an inappropriate calculation! Then, they ignore any area that will be 
damaged below an EPA threshold of .2 micro Curies per square meter. This is also totally inappropriate 
(more on that later). Then, they further eliminate possible "health effects" by wring De Minimis (more on 
that later too). 

8: 

NASA claims that most of the RTGs will not be incinerated even in the worst of scenarios. But they are 
dealing with an object flying, burning through the air, that is already at about 1,100 degrees Celsius (and 
melts at about 2,300 degrees Celsius) AND which is in a cylindrical container with COOLING FINS 
which will catch the wind and burn off quickly, leaving numerous holes and cavities to rip open the RTG. 

Furthermore the RTGs are some of the most dense objects man puts into space (put up by some of the 
most dense... oh, never mind). 

You can expect them to continue to travel at HIGH SPEED (=hotter) for a long, long time — all the way 
to Earth impact, if they don't incinerate COMPLETELY first They'll come in "hot", they'll come in 
heavy, and they can come in anywhere on Earth during the flyby. An RTG returning to Earth after a 2-8 

collision with a random piece of space debris or for any other reason is a disaster whether it is entirely 
incinerated in the upper atmosphere or not but it is much more of a disaster if it is incinerated. 

Even NASA's own estimates are that a very significant portion of the Pu 238 fuel will be released in the 
upper atmosphere: From 32% to 34% for all the reentry cases studied (see NASA's FEIS. June 199S, 
page 4-51). Of this, from 20% to 66% will be in the form of respirable particles. This is from 5 to 15 
pounds of Pu 238 released at hi gh altitude, and does not include any low-altitude and ground-level 
releases. That's for a "normal" ree n tr y scenario. Any number of events can result in an "abnormal" reentry 
where more — or even all — of the fuel is incinerated. 

9: 

NASA groups flyby accidental re-entries into three broad categories, shallow, steep, and skip (leave the | 2-9 
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atmosphere again). But in reality each angle presents a uniquely different scenario. The shallowest angles 
(that don't skip) are the most dangerous from the point of view of atmospheric incineration, while the 
steepest angles are most dangerous for impacts and subsequent fuel release near Earth's surface. 

At the very least, each degree should be calculated separately and the result from each calculation should 
be graphed. It's thousands of numbers, and the resulting graphic should be presented, NOT just analyzed 
with only NASA's theoretical interpretation of the data presented, and no data! 


2-9 

(Continued) 


10 


NASA's "skip" scenario (mentioned above, in item 9) enters Earth's atmosphere but subsequently leaves 
earth's gravitational pull completely. In reality, many "skip" scenarios will have the spacecraft slowed 
enough to fall back to Earth in weeks, months, yean — even centuries later. Some "skip" scenarios 
actually have the probe skimming through Earth's atmosphere dozens of times— sort of like skipping a 
stone on the water, but it happens at the innermost portion of a huge elliptical orbital path. NASA's 
"skip" scenarios appear to never fall back to Earth under any circumstances, a fallacy. 

If Cassini stays in orbit around the Earth after a flyby mishap of any sort, it will continuously be subject to 
the possibility of a collision with some of the existing SPACE DEBRIS and any new space debris we add 
while Cassini is in orbit. Therefore, "skip" scenarios where the probe eventually fidb to Earth are actually 
the most dangerous. If the probe stays up for centuries, which it absolutely can do (NASA admit s this) 
the rhanr«Mi are actually good (better than 50/50) that it will collide with existing space debris, at 
incredible speed and kinetic force. This would break apart the RTGs prior to upper atmosphere 
incineration — making the final incineration much more thorough and much more damaging. This is a 
situation where 100% of the RTG fuel can be burned. 

11 : 


It that NASA has made the assumption that all "skip" trajectories would leave a clean 
(non-nuclear) vapor trail as they slice through the atmosphere. If NASA thinks this, they are wrong 
twaiKf some damage will occur to the s pacecraft including possibly ignitin g the liquid fuel component; 
this damage could in turn hurt the RTGs. (But I must stress that few of NASA's actual methods are 
clearly described in the DSEIS.) 

12 : 


De Minimis is ridiculous. Since plutonium in any quantity bombards local cells with enormous amounts 
of radiation, and recent cloning experiments have shown that any cell with DNA (all but red blood 
cells, essentially) is capable of producing an entire animal from embryo to adult, h should not be 
considered a great leap to conclude that all cells are also capable of becoming cancerous when mutated 
by radiation. 


Here's the sequ enc* ' Cd ncet is a consequence of cell DNA mutation. Plutonium's radioactivity mutates 
cell DNA Inhaling plutonium is absolutely the most dangerous way to introduce it to lifefotms, 100's or 
even 1,000's of times more dangerous than ingesting it. Cassini's Pu 238 is about 280 times more 
radioactive — yes, that means much more deadly — than the so-called "weapons grade plutonium" which 
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NASA assures us isn’t being used. Incinerating plutonium at high temperature and at high altitude is ! 
absolutely the "best" way to distribute it around the planet for subsequent in halat ion And finally, 
incinerating something that starts at over 1,000 degrees Celsius and hangs out like three sore thumbs 
from the space probe is just too easy. 

What is a good phrase for it? You might call it a chain reaction ! And when your chain runs out, you get 
to be a "health effect". If Cassini fails, a lot of people's chains will run out. 

And if Cassini fa i ls , the steps to cancer are not an unlikely sequence of events ~ it is what will actually 
happen for thousands, possibly millions of people if Cassini fails. Possibly many millions. Vaporized 
plutonium is just incredibly, unbelievably deadly. Cassini carries enough phitn nnun that if just 1% of it 
were vaporized and then inhaled in a clinical lab situation, it. would be enough to kill the entire world over | 2-12 (c) 
without question. All 5.8 billion of us without even asiag aay of the platoaium twice. In any actual 
accident scenario, much of the plutonium would be re-ingested many times. Make no mistake about it — 
this is deadly stuff 

If Cassini fails, NASA has just three assurances for us against this threat: First: That only a little will 
vaporize. This is argued throughout this document. Second: That the world's ecosystem is so vast, that 
only a little of that winch is vaporized will subsequently be breathed in by biiUoas of people. But they 
wont even present the number they think is valid (see item 13, below). Third: That of those who do 
breath in some plutonium, only a very few will get cancer. But NASA will not use any of the dozens of 
studies of the effects of minute exposure to calculate how many might actually get cancer that way. 

Instead they extrapolate from a high exposure level (and relatively few cases) but the effect is not linear , 

Chopping in half the dosage and doubling the exposed population, then culenlutmg tW tin, ww number 
of people will die, is not what actually happens. The more you divide it out, the more people will die. 

And that's just what NASA's doing. Dividing it out. Here's some for you, and here's some for yoa You 
probably didn't even know NASA was carrying plutonium on board any spacecraft before you heard 
about this web site, and now you think the "science" NASA will be getting will benefit you somehow? Is 
"worth the risk"? Face it, my fellow couch potatoes: You'll never benefit from NASA’s possible 
knowledge gain, never, and hardly anyone else will either! And to gain all tins "knowledge" NASA must 
use lies and deceptions, because so many Americans do know the truth, and my, they are raising a stink! 

But the effect is, the knowledge gain from the nuclear option for society is counterbalanced by the 
knowledge lost to secrecy, lies, and confusions. NASA bad science outweighs NASA good science. And 
the whole nuclear option - we loose freedoms to not just nuclear terrorism, but to Government worries 
about nuclear terrorism. We loose honesty in Government because of the cover-ups and the lies. These 
we loose even if Cassini succeeds! 

It's not that science isn't worth dying for, sometimes. Lots of things are worth dying for — life, liberty, the 
pursuit of happiness. But this? Is it humanly possible that we cannot draw the line? That we cannot say 
"Ah ha! At last we have it! A science experiment so dangerous, of so little value, and so expensive, that I 2-12 (f) 
we will not do it!" Ladies and Gentlemen, this is that science experiment. This draws the line. This is nuts. 

NASA assurances are hollow. The truth is, a Cassini accident can rank as one of the biggest single 
manmade ecological disasters in history. Not only that, but pare chance, not fancy engineering, stands 
between a successful mission and a disaster. Random pieces of space debris in near earth orbit (put there 
by mankind, mostly) can impact Cassini and cause a catastrophic failure. Man's own potential failures just 
add to the risk, from loose nuts in the control room to misprogrammed software p rogr am s. We’ve all seen 
those, and anyone who writes software (including myself) knows that all software can crash and no 
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program is perfect. NASA is not perfect. NASA is human (I think). 


Is this how we want to challenge God, or the gods, or fate, or nature, or just — the odds? THIS ISN’T 
SCIENCE IN THE PUBLIC INTEREST. This is roulette. The public should not fund this stuff. 


Let's say something unknown to mankind's sphere of knowledge killed off over a period of a couple of 
decades, one out of every 5,800 people on the planet by an ailment that manifests itself as cancer. You 
cannot tell where the cancer came from. You cannot tell, but you die from it just the same. One in 5,800 
is very hard to study. No one would notice that an unknown thing was happening. But 1,000,000 people 
would die around the world from this thing. You would die, but you wouldn't know why. And even if you 
do suspect why, you cant do anything about it, and besides, youil be dead and cant do anything 
anymore. This thing is Cassini, and it can go on killing and killing for centuries. 


2-12 (f) 
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Cassini can do this, and you still may not be able to prove, statistically, that it happened! So if statistics 
are so hard to use, and NASA has used them so badly on the health side -- do you really want to trust 
them on the engineering side, especially considering all the engineering in the world won't stop a piece of 
space debris from destroying the mission anyway, during the flyby (or any time, really)? How many times 
do you think Fate can be tested before it gets sick of us? 
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There is lots of other evidence that there is NO minimum lethal dose of plutonium. Yet NASA uses 
something they call De Minimis. NASA's uses this De Minimis thing as a way of adjusting the data by 
flmrinntmg "negligible" amounts of plutonium from the count And who defines "negligible”? Why, 

NASA does, of course! .001 rem. NASA doesn't care if 5 billion people get .001 rem, to them, it doesn't 
count. THAT’S what De Minimis and NASA's other averaging techniques does. But that’s not what really 
happens. 

De Minimi* as used by NASA is NOT a standard statistical gimmick. It is a s ta ti s tic al gimmick they made 
■p for themselves! De Minimis says (according to the way NASA uses it) that below a threshold of .001 
rem per year there will be "no discernible health effects to an individual”. Facts prove otherwise, so De 
Minimi* is ridiculous. Besides, by first limiting the area to that contaminated above 0.2 micro Curies per 
square meter, NASA is taking it's ridiculous De Minimis at least twice! 
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13 : 


One of the most important numbers is «™««mg from the report. That number is die MAXIMUM 
INDIVIDUAL DOS, REM for an accident involving the RTG’s during the Earth flyby. This number 
would show the amount of plutonium that would be expected to be absorbed by each individual on the 
plant* in the event of an upper-atmosphere incineration of the RTGs. 

Whenever this value should appear, instead there is a notation indicating the hem is "Not available in the 
current analysis." What that means is that the study was done without one of the most crucial pieces of 
data! And that piece is missing from about 10 different tables (about 1/3 of the total number of tables tn 
the two documents). A notation in the DSEIS indicated the value will be available in the final report - 
but by then it's too late to argue about it! We need h NOW! (So we can argue about it, of course!) 


14 
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Where are the graphs? NASA claims they are using sophisticated computer modeling to produce their 
report. The subcontractor company that did the Nuclear Safety Analysis used for the report, Halliburton 
NUS, claims (on their web page) to be "an information age veteran... in the business of finding, storing, 
and communicating vital information... since 1973." 

All modem statistical packages generate beautiful three-dimensional graphics, and have for decades. 
Instead NASA gives us 19th-century tables of exponential numbers! Perhaps NASA is afraid to give us a 
graphic showing the plume and it's potential consequences! 

By giving us good graphical depictions NASA could present us with some of the RAW DATA that they 
supposedly have analyzed. Then, perhaps THE PUBLIC could make their own informed decisions. But 
no. NASA gives us one or two numbers which actually r e pre sent complex functions, and where the very 
act of averaging does not do any justice to the extremes. It's a way of "punching down" the data it is 
commonly used by people who want to sell you a pig in a poke. It is being used now to sell us a pig in a 
poke. 

15: 


Why are NASA estimates of land area that might be contaminated so small? It is preposterous that only g 
or 15 square kilometers will be contaminated in a "worst case scenario” but that is what NASA's 
averaging techniques and their other techniques have left us. They are going about it all wrong. A more 
reasonable approach would be to figure out how BIG an area CAN be contaminated (for «finnpt» to a 
50% lethal dose) with 72.3 pounds of Pu 238 particles in millions of pieces and milKiw of sizes, from all 
altitudes and directions, and then figure out what the chances really are of that actually ho ppling T hese 
are separate calculations, which should not be lumped together in a report Nowhere is the stark reality 
expressed of what 72.3 pounds of incinerated plutonium can do, least of aO, in an informative 
computer-generated graphic. 
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If C a ssini is as safe as NASA predicts, then wiry won't NA$A and the United States Government insure it 
properly ? Instead they use the archaic and inappropriate Price-Anderson act which limits our 
international liability to just 8100,000,000.00 in direct violation of an international Outer Spar* Treaty 
we co-wrote and signed. Domestically, Price-Anderson limits liability to about $7.3 billion, also 
hopelessly inadequate. If Cassini is safe, why do they limit the insurance payout at all? 

17: 


Even accepting (more or less) NASA's numbers is NOT a sustainable policy for safe space research (or 
for plutonium disposal). Some people right now want to put 820 satellites in orbit, for example, for just 
one communications project. If nukes are OKAY, then all of those might be nuclear powered. Nukes 
aren't okay for one mission, and they aren't OKAY for all of them. What we realty need are fiber-optic 
cable systems throughout the world, not expensive, failure-prone, corporate-controlled and dangerous 
satellites. 
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SPACE DEBRIS impacts can completely destroy the RTGs prior to (and causing) an Earth re-entry. 
Where is this specific scenario analyzed? 

19 : 


You cant just say "each person will get this” or "that" amount - Some will get larger particles, or more 
of them, and some will get less. It's a distribution. With BILLIONS of exposures, many people will 
receive 10 times the "average" dose — a few unlucky individuals - thousands, maybe even millions of 
individuals — may even receive a hundred times the "average" dose. That's what happens when you 
irradiate the world through upper-atmosphere incineration of plutonium. So the numbers need to be 
"crunched" to reflect the varying sizes of the particles and the distribution of them. Any incinerating 
nuclear payload from outer space — not just Cassini but any nuclear payload — is a fierce fireball of filthy 
death. 

I believe what NASA has done in averaging the doses is wrong. They have taken the amount of 
p luto nium they think might be released, and theoretically spread it evenly among the exposed population. 
But first, they eliminate all who live where they will be exposed to a dose lower than the EPA standard 
measurement value per meter (using this value at all is inappropriate, but they use it). Then they further 
e liminate all those who would get less than .001 rem per year (equally inappropriate). Then they eliminate 
pot entially 1/2 the world population - or more — for no good reason, by simply using a baseline of the 
expected population at the time of the flyby. But the damage will continue to occur for centuries after, or 
may not even start to impact Earth for decades or centuries, and the population will continue to grow in a 
world crowded today with 5.8 billion people. 

Each step eliminates health effects from view. 


20 


The inappropriateness of using the EPA limit mentioned above is clear when you consider study after 
study has shown that there is no minimum lethal dose of plutonium. At least three different ways to study 
it lead overwhe lmingly to the same conclusion. First: You can study it by giving extremely small doses to 
extremely large populations of laboratory animals, large enough to be able to pass standard scientific tests 
of statistical significance This is very hard to do, because you need tens of t housa n d s , or even hundreds 
of thousands (or even millio ns) of animals to do the study, but to as much an extent as possible, it has 
been done. Second: You can study it by looking at publicly available data from health officials and 
radiation monitoring officials and compare the two sets of values. Dr. Stemglass, Dr. Gofinan, Dr. Gould 
and many others have published numerous papers and books doing just this. Third: You can study the 
po«ahU mechanisms w ithin the body which would allow plutonium to "do its thing” at extremely low 
levels. Anri studies of mechanism after mechanism consistently point to the conclusion that there is no 
minimum le thal dose of plutonium. Any size particle can kill you. Maybe it will, maybe it wont, but h can 
and studies show that it does. Studies NASA wont use in their analysis. 
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NASA's use of the EPA guideline is actually even more inappropriate than described above (in item 20). 
If the EPA guideline says that a cleanup need not be attempted below a certain threshold (for whatever 
reason) that doesn't mean that it's just fine thank you to pollute beneath that level. But that is the logic 
NASA has taken. They have taken a good thing — an EPA standard (which may be way too high, but at 
least it's something) -- and turned it into a excuse to pollute! 72 pounds of plutonium is 72 pounds of 
plutonium no matter how you dress it up or spread it out. 
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Out of 400,000+ Ci (Curies) total amount of radioactivity in the RTGs, NASA's worst case accident 
scenarios will "only" release about 26,000 CL Thus, NASA will not present any stuffy on the effect of 
greater than about 1/1 5th of the total plutonium fuel being incinerated. This is preposterous. Space 
debris, as mentioned above, below, and all around the globe, can easily and randomly destroy an RTG. 
Even if we accept the assumption that it is relatively unlikely that all three RTGs would be hit by s pace 
debris (although space debris actually often does come in clusters), still, at the very least, since there are 
three RTGs, NASA should show h eal th effects for at least 133,000 Ci released in an upper-atmosphere 
incineration. And at least a partial bum of the other 2 RTGs. If any of the other fuel onboard is 

hit, that could then incinerate one or more RTGs. The liquid fuel being carried onboard Cassini weigta 
more than entire previous probes like Galileo and Voyager (combined)! So that is perhaps 260,000 Ci - 
10 times more than NASA's "average". NASA needs to show the effects, the geopolitical 
consequences, and the financial burdens of these scenarios! 

We can leave it to Hollywood to show the effect of it coming down on New York City, say, on 
December 31st, 1999. (It can orbit for a while before crashing, so it really can come down anywhere, 
anytime.) 


If Cassini is as safe as NASA claims, why can't they show a computer model of it landing on a city and 
tell us how many would die! A shallow reentry, burning 1/2 the RTGs, the wind to its back so the Mout 
collects and lands on Manhattan... and it lands on Time's Square, New York, December 31st, 1999... (If 
I'm around. 111 probably be there, and I'll probably be passing out leaflets.) What would happen? (From 
my leaflets?) 


2-22 


If Cassini crashed the world's biggest party: Not one building would get destroyed. But w ithin a few 
weeks: 50 million people doomed. That's what would happen. (From the initial event Decade after 
decade, people would continue to die.) Oh, and: Maybe a couple ofbuildings would be destroyed, too. 
The RTGs will ignite anything they land on, since their "resting" temperature is about 1,100 degrees 
Celsius, and they would have just flown in from outer space n«mg air friction a gainst hhint surfaces as 
their only braking force. Okay but what are the chances of that actually happening? Zero if we don't 
launch! 

Why is NASA afraid to show the e fleet Cassini can have on any teaming metropolis on the planet? Just so 
we all know what we're t a lking about: NASA certainly admits it can happen. Why won't they tell us what 
the effect would be? Their little space probe can do all that, and it doesn't take a long chain of events, 
either. One pea-sized piece of space debris alone can make this an inevitability. One single Random 
Event. Cassini has a "one hit" capability on a concentrated population center that is so devastating, it 
should be prevented by being prohibited. 
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When did we decide we should permit underpaid and overeducated scientists (or vice-versa, or anyone 
else) to risk random destruction on so vast a scale? They know they can’t stop it from happening... It's 
just chance. They just claim they can reduce the chance. We don't really mind letting scientists blow up 
their own science labs -- fine. Have fun. Knock yourself out. But the proper way to reduce the risk to the 
planet on something like this is to eliminate the possibility of it happening. The money can go towards 
even higher-tech activities elsewhere. 


2-22 

(Continued) 


23 




I just want to make sure that when NASA says that the RTGs will not break apart if they hit water, only 
land, that they include ICE as "land". The plutonium RTGs and their subassemblies will smash into fine 
particles and chunks if they impact on ice. Some would vaporize. Larger chunks and particles would melt 
through the ice to solid ground, making it almost impossible to retrieve the pieces quickly in places that 
are snow- and ice-covered at the time of the accident. 


2-23 


24 




Plutonium in the food chain is bad for people that eat food, but it should not go unnoticed (as it does in 
all NASA documents) that it is also bad for the food-bad for plants, bad for animals... Mankind will not 
be the only animal to get cancer and other illnesses should Cassini fail. In fact, for every human injury 
there will probably be tens of thousands of animal injuries. Do we want to inflict this pain, this suffering, 
on our fellow creatures, whom we have been charged with protecting, by nature of our being here at the 
top of the food chain, and (supposedly) being smarter as well? Do we want to inflict this insult on our 
fellow creatures, while relying on them for our sustenance, for work, for companionship? What are the 
radiological consequences for cats, dogs, cows, horses, pandas, or our close friend the pig? What are the 
effects on mice, rabbits, and other science experiment fodder? Then what are the effects on future science 
experiments? None of this is discussed in any NASA document, and it is devastating. 

25: 


RTGs are NOT aerodynamic by any stretch of the imagination, and they are heavy and have a series of 
pipes, valves, and other hardware. They WILL incinerate, and NASA predictions of just how much 
should be taken with a healthy dose of salt (with iodine, I presume). 

26: 

Speaking of iodine, in the event of an accident at launch, exactly what preparations, such as storing 
millions of iodine pills, has NASA taken to mitigate the effects? Since proper steps can reduce the 
danger, one would think that NASA and DOE have calculated the health effects numbers on the 
assumption that there will be adequate assistance from NASA after an accident. 

But will NASA provide this assistance, worldwide, in a timely manner, 500 years from now when the 
probe might still be capable of felling back to earth? Or will NASA provide this assistance in some 
war-tom part of Africa in October, 1997, if something goes wrong during early lift-off? 
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27 




Since NASA is doing a SUPPLEMENTAL analysis, I think it makes sense that NASA should study the 
effects of the nuclear-payload-equipped Russian Mars '96 probe which recently incinerated, probably over 
Chili and Bolivia. This will take, as NASA knows, about 500 years to study properly. But the most 
crucial tune to begin any study is now. And, NASA could test its cleanup procedures, starting with seeing 
if NASA can even FIND a nuclear payload that’s been at least partially mcmeratcd in the upper 
atmosphere, let alone seeing if NASA can actually clean up the mess. If nothing else, NASA has already 
shown that they are incapable of responding quickly to a changing situation. 

One would think they would want to try to find that plutonium powerpack to see how well it actually 
survived re-entry. Since Russia sells us the plutonium and works with us on numerous nuclear sp ac* 
projects now, the similarities are probably ri gnifinant 

Yet NASA is hardly studying it at all! Nothing in the DSEIS indicates they even noticed it As »”■»! 
NASA is making no effort to find out the truth. 

28 : 


There is no discussion of safe disposal ofthe radioactive byproducts (there are many) from isolating Pu 
238. The stuff not destined for Saturn is still capable of poisoning Earth and has half-lives of around 
25,000 years, and is highly radioactive. It wiD be NASA’s responsibility for the next 500,000 years or 
so. The risk entailed in that isn't described in this report, and die cost isn't in any acco unting reports I've 
seen, either... 10,000 years from now, even 100,000 years from now, NASA will be demanding money 
from your descendants for the upkeep on its nuclear waste facility used to store the byproducts being 
created today for "your" Cassini mission. That cost is not reflected in any NASA doc uments 


2-28 


29 : 


Global implications (1): What if every country started to use the nuclear option? Sooner or later a firey 
accident would occur which might start a war, if for example an Iranian nuclear satellite plummeted onto 
Israel (or vice-versa). Nukes have no place in space! If Cassini foils, it could topple governments. If 
Cassini foils, Mr. Clinton, it will certainly ruin your party! 


2-29 


30 




Global implications (2): Political catastrophes accompanying a failure of f a<t«rini _ these are not discusse d 
in any NASA document I have seen anywhere! What is the appropriate document for these very 
important considerations? 


2-30 


31 




Global implications (3): Although NASA describes several clean-up scenarios (costing up to i 

$ 1 ,000,000,000.00) it doesn't describe who will pay for this. And the costs given do not | 2-31 
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loss-of-property and loss-of-life costs, just clean up costs. And where does NASA think it can put all that i 2-3 1 
poisoned dirt, anyway? Earth is a closed-loop system. | (Continued) 

32: 

Global implications (4): "No effect" is the way NASA describes the "no launch" alternative and it is the 
way they have always described it. But is that correct? NOT AT ALL! S3.4 billion dollars to clean up 
underfunded "Superfund" toxic waste sites, to interconnect the classrooms of America, to lay fiber-optic 
cable... That's not "no effect", that's progress. And that's just the "counter-balance" to a successful 2-32 

Cassini mission! If anything goes wrong, even with no release of plutonium, we’re still out the money! If 
we had invested in kid's education, on the other hand, we would reap the benefits for decades — 
including, perhaps, even more important discoveries than anything Cassini will bring if it succeeds 
completely! 

33: 


The DSEIS says that President Clinton has his own separate Cassini impact analysis. But it also says that 
the President's document is derived from substantially the same databases as the DSEIS and its results 
should be similar. Are geopolitical implications discussed in the Presidential statement? Can the public see 
it? Who wrote it for the President? The same company that wrote the Nuclear Safety Analyses for Cassini 
Mission Environmental Impact Statement Process? Will they give President Clinton another, unbiased 
view? 


2-33 


34 




What NASA has presented is not DATA to support their claims - it is just the chums. They have distilled 
the information into a small set of numbers which is totally inappropriate for the complexity of the 
problem. They have clipped at every angle, from who should be counted to how much plutonium they 
might receive. They have held back vital information. They have used in ap p rop ri a te studies of high-rem 
damage to extrapolate low-level damage, and they have ignored perfectly well-researched, easy-to-obtain 
reports in respected and refereed journals, reports which have shown that low-level radiation is 1 00's to 
1,000's of times more dangerous than the large "shock treatments" of 10 to 50 rem which they choose to 
study. 


2-34 


This draft, as written, assures us of nothing. 


35: 


The global model that NASA uses to do their modeling divides the world into 720 "grid boxes” of equal 
sac This is not nearly enough for an accurate model since the incinerated plutonium in millions and 
millions of tiny particles will be carried by the wind, which exhibits a much-too-complex behavior pattern 
to determine in just 720 grid boxes. If someone were to try to prove global warming, for instance, with so 
few grid boxes, they would probably be laughed out of the science halls! 
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36 




NASA's contractor on the DSEIS is Halliburton NUS Corporation, a part of NUS Information Services, 
Inc. They did the basic study under contract to our government. This company describes itself (at it's web 
site, at the time of this writing (4/9/97)) as doing the following for a living: "Information Services' staff 
members use a total of more than 50 internal and external data bases and 70 million pages of text to find 
solutions for more than 660 electric generating units worldwide." 

Another thing they do is run a Licensing Information Service, described by them at their web site as 
"Serving the nuclear industry since 1973 with a variety of regulatory information." 

But perhaps the most interesting thing they do is sell a Computer-Aided Regulatory Library. It is 
described by them at their web site (at the time this was written) as: "[A] CD-ROM library full of 
Nuclear Regulatory Commission documents that can be searched and manipulated in numerous ways by 
the powerful [software]." Manipulated. I couldn't have it better myself 

Clearly they are part and parcel a pro-nuclear organization masquerading as an mfrirmatirm service. The 
fox is guarding the henhouse, except here, the henhouse is mother earth. If Halliburton NUS have 70 
million pages of text available to them, why oh why dont they know about the hazards of extremely low 
levels of radiation to woman's breasts, to infants, and to fetuses? Why doesn't NASA know of Dr 
Stgmglass's work, if this wonderful information company is so thorough at providing information? There 
is not one word in the DSEIS on breast cancer, not one word on damage to fetuses, and not one word on 
any specific cancers at all! All the studies were done as if the effects were universal -the same for all 
people. They aren't. Specifically, woman, fetuses and infants will suffer the greatest insult if Cassini 
Nowhere — absolutely nowhere - is this discussed in any NASA document that I can find. Certainly not 
in this important one. This document only covers death, and it doesn't even do that very welL Instea d it 
covers- op d e ath It's all a shell game — but they're using live shells! 

In reality NASA's "research” just proves one thing: that NASA 
does not dare to present — or even consider — the true possibilities 
of the situation. 

By Russell D. Hoffman 

NASA's draft document will remain open for review until 4:30 pm, (Eastern Daylight Time) May 27th, 
1997. So this important next step — demanding more answers — is coming to a close soon 

DON'T JUST READ THIS, DO SOMETHING! 

You can order a copy of the Draft and accompanying Nuclear Safety Analyses, and the original "Final" 

EIS and other NASA documents directly from NASA. Or — since it's getting late (Cassini i»nnr.h»« in 
October, 1997) - you can cut right to the chase and start contacting our elected officials ri ght away. 

For example, print this document, and circle the points you think are most important, and tell NASA you 
will personally want to see them properly answered in NASA’s upcoming SUPPLEMENTAL 
ENVIRONMENT AL IMPACT STATEMENT. Send the document, with your notes, directly to NASA 
before May 27th, 1997. Send a copy to your local press. Send a copy to the White House, too! And tell 
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President Clinton that his "private" Cassini report needs to answers these charges as well. Or save trees 
and time (and we're almost out of time — and trees): Email him the same message. 

The two documents discussed in this article are the DRAFT SUPPLEMENTAL ENVIRONMENTAL 
IMPACT STATEMENT FOR THE CASSINI MISSION (APRIL 1997) and NUCLEAR SAFETY 
ANALYSIS FOR CASSINI MISSION ENVIRONMENTAL IMPACT STATEMENT PROCESS 
(HNUS-97-00 10). To contact NASA: 

Mark R. Dahl, Program Executive, 

Cassini Mission & Payload Development Division 
Office of Space Science, Code SD 
NASA Headquarters 
Washington DC 20546-0001 

Comments to NASA must be submitted in writing and received at that office no later than 4:30 pm 
Eastern Daylight Time, May 27, 1997. This is my answer. 

CANCEL CASSINI 


Things you can do today: 

* Please read our other articles. 

* Print some ofthem out and share them with your friends. 

* Reprint any document at this web site. 

* Email your friends the URLs of the artkle(s) you like. 

* Add a link to this page, or to onr STOP CASSINI home page. 

* If you add a link to this document, and you think your visitors can stand a little levity (who can't 
these days?), you might want to tell them it's an LQ. test for Space Cadets which is seif-scoring, 
educational, firn and free, and which they can take in the comfort and privacy of their own home! 
(It's official title, however, is laugh. Cry, Be Angry, Do Something...) 

* Contact your congressperson. We must tell NASA we will not allow even one more launch based 
on the unsafe nuclear option! 


Related pages at this web site: 

Stop Cassini Home Page 

No Nukes In Space! Not now, not ever. 
Space Debris Home Page 

A series of articles on this shameful problem. 


This article has been presented on 




the World Wide Web by: 


The Animated Software Company 


http://www.animatedsoftware.com 


m 


rhoffTnan@ani mated software com 
Written April 9th, 1997. 

Last modified May 23rd, 1997. 


Webmz: Russell D. Hoffman 
Copyright (c) Russell D. Hoffman 
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Comment No. 2-a 


The commentor is referring to the "hot particle" issue raised in the 1970s. This 
issue addressed the practice of averaging the dose over the total lung mass. This issue 
was based on the premise that high dose rates to cells adjacent to radioactive particles 
deposited in the lungs led to much greater cancer risks than were represented by 
averaging the dose over the total lung tissue. Experimental animal studies have 
consistently refuted this premise (ICRP 1994). 

The health physics community has generally used the radiation dose model 
presented in ICRP-30 which used the dose-averaging approach (ICRP 1979). The 
International Commission on Radiological Protection (ICRP) establishes 
recommendations and guidelines for assessing radiation doses. The U.S. Department of 
Energy, the U.S. Nuclear Regulatory Commission (NRC) and the U.S. Environmental 
Protection Agency (EPA) use these recommendations and guidelines to assess potential 
radiation doses. The concerns of Dr. Morgan and others have been taken into 
consideration by the health physics community in developing the ICRP 
recommendations regarding radiation dose estimates. 

REFERENCES 

International Commission on Radiological Protection (ICRP). 1979. Limits for Intakes 
of Radionuclides by Workers. ICRP Publication 30. 

International Commission on Radiological Protection (ICRP). 1990. 1990 Recommen- 
dations of the International Commission on Radiological Protection. ICRP 

Publication 60. 1990. 

International Commission on Radiological Protection. 1994. Human Respiratory Tract 
Model for Radiological Protection. (ICRP-66). 

Comment No. 2-1 


The Cassini mission as planned and described in Section 1.2 and 2.1 of this Final 
Supplemental Environmental Impact Statement (FSEIS), and in Sections 1.2 and 2.2 of 
the June 1995 Cassini Environmental Impact Statement (EIS), includes a four year tour 
of the Saturnian system beginning in 2004, encompassing important investigations of 
Saturn, its rings, icy satellites, and magnetosphere. During this four year tour there will 
also be intensive investigations of Saturn's moon Titan by both the Cassini Orbiter and 
the Huygens Probe. 

The primary purpose of the Cassini mission is to study in detail over a four-year 
period, the Saturnian system — the planet, rings, magnetosphere, and the moons, 
particularly the large satellite Titan, which shares many characteristics with prebiotic 
Earth. The result of the Cassini exploration of the Saturn system will be new scientific 
knowledge. This in turn will lead to new understanding about how the solar system 


E-40 



RESPONSES TO COMMENTS 
Commentor 2: Russell D. Hoffman 


formed, how each of the planets evolved, and what conditions are necessary for life to 
begin. Cassini's findings would also enhance our scientific knowledge for 
characterizing the forces and conditions that create and drive processes such as 
volcanism and tectonics, and weather and climate changes. 

The limiting factor for spacecraft operational life is the amount of attitude control 
propellant, not the GPHS - RTG sources of on-board electrical power. GPHS - RTGs 
have been demonstrated to be very reliable, long-lived power sources for scientific 
space exploration missions as evidenced by their performance on the Pioneer, Voyager, 
Galileo, and Ulysses missions. 

Please also see response to comments 1-1 and 2-6. 

Comment No. 2-2 


As noted in Section 2.1.4 of both the Draft and Final SEIS, use of solar power is 
not viable for the Cassini mission. The commentor is also referred to the JPL 
Supporting Study - Volume 2 (JPL 1994) referenced in Chapter 8 of both the Draft and 
Final SEIS. The Jet Propulsion Laboratory analyzed circular solar arrays for NASA 
early in the development of the spacecraft design. The use of a circular solar array for 
the conceptual "solar" Cassini spacecraft presented no net advantage over the linear 
design depicted in the DSEIS. Circular arrays do not "pack" solar cells as efficiently 
(i.e., fewer cells per unit area, because the cells themselves are rectangular) so the area 
required for equivalent cell density is greater for a circular array. A circular array 
would have to be moveable in at least two axes (as opposed to a linear array which can 
be moveable in one axis) to fit within a launch vehicle payload fairing and would 
require additional support structure, contributing to a mass greater than that required 
for the linear array. In addition, when the circular array was pointed at the sun for 
power, it would often be pointing near Earth, meaning that either the array or antenna 
would need to be placed on a long deployable boom to avoid obstruction of the antenna 
or instruments. This would also constitute an additional mass element. 

Comment No. 2-3 


Extending the consequence analyses beyond 50 years would not yield a 
substantial increase in collective dose. The estimates do not go beyond 50 years because 
the availability of the radioactive material potentially released would become limited 
over time. 

The presence of plutonium dioxide within the environment and its availability 
for exposure following an accidental release would be limited due to the insoluble 
character of plutonium dioxide and the largely non-inhalable particle sizes of most 
releases. For releases within the troposphere following launch area or out-of-orbit 
accidents, most of the dose to exposed populations would occur as a result of direct 
inhalation during the initial plume passage and the inhalation of resuspended material 
during the first year following release. 
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The environmental removal mechanism of weathering would effectively remove 
most of the deposited material from further interaction with the population after the 
first year. When potential long-term agricultural and garden ingestion pathways are 
considered, most of the ingestion doses result from direct deposition on above-ground 
leaf surfaces following the initial plume passage. The insoluble nature of the plutonium 
dioxide renders the bioaccumlation through root uptake an ineffective contamination 
mechanism. Subsequent weathering of material from the upper soil layers through 
runoff or downward percolation, removes such material from the surface. 

Any high altitude release of vaporized material following an inadvertent EGA 
reentry would be gradually removed from the atmosphere over a period of years, 
primarily by rainout from the lower troposphere, with ground-level air concentration 
peaking around 5 years following high altitude vapor release. Again, weathering 
following deposition would effectively remove such material from the environment 
during subsequent years. Any plutonium dioxide deposited in water bodies or making 
its way to water bodies by runoff and weathering would be largely tied up in sediment 
and removed from the water column. 

The effectiveness of such environmental removal mechanisms of plutonium 
dioxide within the atmosphere has been demonstrated by fallout studies of atmospheric 
nuclear weapons tests. When such factors are taken into account, extending the 
exposure period beyond 50 years, and even taking population growth into account 
would not significantly increase (i.e., less than 5 percent increase) collective dose. 

Comment No. 2-4 


The effectiveness of environmental weathering mechanisms in reducing the bio- 
availability of PuC >2 within the environment has been addressed in the response to 
comment 2-3. 

It is generally recognized that the concentrations of radionuclides released into 
the environment (air, water, and soil media) increase in the lower trophic levels of the 
food chain, while the sensitivity to radiation effects decrease. The greater tolerance to 
radiation effects is due in part to the shorter average lifetimes of animals which 
preclude cancer development when compared to humans. 

Potential impacts to flora and fauna were discussed in the Final Environmental 
Impact Statement for the Galileo Mission (Tier 2), distributed by NASA in May 1989. A 
portion of that appendix is pertinent to this comment, and is summarized here. 

The availability of plutonium dioxide to biota in aquatic and terrestrial 
environments depends on the route of plutonium dioxide exposure to the biota and the 
physical and chemical interaction of the plutonium dioxide with water and soil of the 
affected area. These interactions determine whether plutonium dioxide is available for 
root uptake by plants or for ingestion and inhalation by aquatic and terrestrial fauna. 
The route of plutonium dioxide exposure differs between the two basic categories of 
biota, flora and fauna. Flora, in both aquatic and terrestrial environments, can be 
exposed to plutonium dioxide contamination via surface contamination, root uptake. 
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and leaf absorption. Fauna can be exposed via skin contact, ingestion, and inhalation of 
plutonium dioxide particles. 

Surface contamination and skin contact do not pose a significant danger to biota. 
The alpha radiation emitted by plutonium has very little penetration power. Therefore, 
little penetration can occur through the skin of fauna. In addition, several studies on 
root uptake and leaf absorption of plutonium dioxide indicate that very little, if any, 
plutonium dioxide is absorbed by plants. 

The significance of ingesting plutonium dioxide can vary between terrestrial and 
aquatic fauna. Most plants have limited uptake and retention of plutonium dioxide, and 
the digestive tracts of the animals studied tend to discriminate against transuranic 
elements. However, ingestion may be significant for small fauna in terms of total 
exposure. These fauna, especially those that burrow, ingest soil along with food 
material. If the soil is contaminated, ingestion of plutonium dioxide could result. 
Although the transfer factor from the intestinal tract to the blood and other organs is 
small, total activity passing through the tract could be large. 

The impact of ingesting plutonium dioxide by aquatic fauna can be significant 
depending upon plutonium dioxide availability. For example, studies have found that 
accumulation of plutonium dioxide does occur in benthic organisms that ingest 
sediments contaminated with plutonium dioxide. Inhalation is considered to be the 
most critical exposure route for terrestrial fauna. 

Inhalation impact depends on several factors, including the frequency of 
resuspension of plutonium dioxide, the concentration and size of resuspended particles, 
and the amount actually inhaled. Smaller particles have a greater chance than larger 
particles for being resuspended and inhaled. Although many of the particles may be 
subsequently exhaled, the smallest particles have the greatest likelihood of being 
retained deep in the lung. However, resuspended material available for inhalation is on 
the order of lxlO' 6 of the ground deposition. Thus high levels of ground concentration 
would be required to constitute a risk to animals through this route. 

Generally speaking, radiation can cause three main types of physical effects on 
organisms: 1) somatic injury, that is, damage to the normal morphology and 

functioning of the exposed organism; 2) carcinogenic injury, that is, an increase in the 
incidence of cancers; and 3) genetic injury, affecting reproductive cells and causing 
deleterious genetic changes in organism offspring. Any of these three physical effects 
could cause increased mortality to exposed organisms. Although maximally exposed 
individual organisms could die as a result of these effects, overall ecosystem structure is 
not expected to change, and therefore no significant ecological consequences are 
anticipated. 

Response to comment 2-3 addresses the reasons why the consequence analyses 
were not extended beyond 50 years. 

Comment No.2-5 


Yes, human factors were included. While human error is not easily quantified 
and generally not included in many reliability predictions unless specific data is 
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available, the Cassini RTG Databook has accounted for it as part of the uncertainty 
estimates and incorporation of flight history. Uncertainty bounds were applied to the 
failure rate of each failure mode to account for process and human factors errors. This 
creates a range of failure rates that accounts for uncertainty in the estimated mean 
failure rate value. This uncertainty range is carried through the calculations to each 
accident scenario probability. Flight history is also used in the calculations which will 
contain the results of human error. The failure rates of the launch vehicle are combined 
with the historical launch success /failure data to produce a refined estimate of failure 
that accounts for actual flight experience. 

The degree of precision reported is necessary to maintain the integrity of the 
calculations. For details of the analyses, refer to the recently available Safety Analysis 
Reports (LMM&S a-j; EG&G 1997) which have been forwarded to the commentor. 

Comment No. 2-6 


It should be noted that Section 102(d) of the National Aeronautics and Space Act 
of 1958, as amended [42 USC 2451 (d)], provides in part the following: 

"(d)The aeronautical and space activities of the United States shall be conducted so as 
to contribute materially to one or more of the following objectives: 

(1) The expansion of human knowledge of the Earth and of phenomena in the 
atmosphere and space; *** 

(5) The preservation of the role of the United States as a leader in aeronautical 
and space science and technology and in the application thereof to the conduct of 
peaceful activities within and outside the atmosphere; ***" 

The technology advances created by the U.S. investment in space exploration are 
considerable. It is a fact that spin-offs from technology development in connection with 
space exploration find their way into medicine, communications, transportation, and 
many other facets of our lives. 

Comment No. 2-7 


While there are about 73 pounds of plutonium dioxide in the Cassini spacecraft 
RHUs and RTGs, the recently available Safety Analysis Reports (LMM&S a-j; EG&G 
1997) show that there are no credible accident scenarios which would lead to the release 
and dispersal of the full plutonium dioxide inventory. The GPHS modules are rugged 
devices and the plutonium dioxide, does not readily disperse into fine particles because 
it is a ceramic material. It should be kept in mind that the chances of an inadvertent 
reentry occurring on the flyby portion of the mission are vanishingly small, about 1 in 
1.25 million. 

The amount of plutonium that might be released in the event of an accident has 
not been underestimated as the commentor implies. As noted in the question, the 
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NASA Draft SEIS presented mean values for the potential releases that could occur in 
the case of a flyby reentry, but this is not the only value reported in the Draft and Final 
SEIS information. Larger releases are also reported, but they also have lower 
probabilities. In conducting the safety analysis of the potential reentry, scenarios were 
analyzed thousands of times using a distribution of inputs and a sophisticated 
computer program designed to capture all possible outcomes. 

Contamination below 0.2 ji Ci/m 2 (pMi per square meter) is not ignored. The 
health effects calculations do take into consideration contamination below this level. 
The 0.2 p. Ci/m 2 level is simply provided as an indication of the land contamination 
areas for which the requirement for further action should be evaluated. 

The commentor suggests that NASA eliminated possible health effects by using 
the concept of "de minimis". The commentor is in error and should see Section 4.1 of 
both the Draft and Final SEIS where it is clearly noted that de minimis was not 
considered in estimating accident consequences reported in either the Draft or Final 
SEIS. 

Comment No. 2-8 


The estimates presented in the Draft SEIS were based on the best analysis 
currently available on the potential consequences of a swingby reentry accident. The 
current best estimate is (LMM&S b, Vol. II, Book 1, Section 5.4.5) that on the average 
only a fraction (approximately Vi kilogram) of the RTGs total plutonium dioxide 
inventory would be in the form of an in-air vapor release. While the analysis considers 
a wide range of scenarios that encompass both smaller and larger in-air vapor releases, 
the analysis indicates no credible case that results in an in-air release of the RTGs full 
inventory of plutonium dioxide. 

Comment No. 2-9 


The analysis did not involve simply selecting three categories, i.e., "shallow, 
steep, and skip" trajectories. The angles were selected to characterize the range of 
angles for which one would expect the outer aeroshell to fail due to ablation and 
structural loading. The results were then used to predict whether the aeroshells would 
survive or if the graphite impact shells (GISs) would be released from the aeroshells. 
Analysis was then conducted to determine the performance of the GISs during the 
remainder of the reentry trajectory. Please see the recently available Safety Analysis 
Reports (LMM&S a-j; and EG&G 1997), specifically Volume II Book 1 Section 5 and 
Volume II Book 2 Section E. 

Comment No. 2-10 


The assertion that NASA's skip scenarios "never fall back to Earth under any 
circumstances..." is incorrect. In our analyses, all "skip" scenarios where the spacecraft 
is sufficiently slowed to be captured by the Earth's gravity field and subsequently 
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reenter the Earth's atmosphere at a later time are counted as Earth impact scenarios. 
Our studies indicate that at entry angles equal to or greater than 7.32 degrees at an 
entry altitude of 122 km (76 miles), the spacecraft would directly reenter the Earth's 
atmosphere. 

At entry angles between 7.16 and 7.32 degrees, the spacecraft would skip out of 
the atmosphere but lose enough energy to be captured by the Earth's gravity field, 
reentering after several (but not "dozens") orbits around the Earth. It should be noted 
that if an accident were to alter the spacecraft's trajectory into an Earth-impacting 
trajectory, the probability of reentry at angles between 7.16 and 7.32 degrees is about 1 
in 500 (JPL 1997). At entry angles less than 7.16 degrees, the spacecraft skips out of the 
atmosphere still at or greater than Earth escape speed, and is not subject to a short-term 
reentry. In some of these skip-out scenarios, the spacecraft could still be subject to a 
long term reentry (i.e. an Earth orbit crossing trajectory) probability; in other cases, the 
spacecraft could leave the Earth in a direction that would preclude any chance of a 
long-term reentry. 

The implication in this comment that NASA's skip scenarios can lead to the 
spacecraft being in orbit around the Earth for "centuries" is incorrect. "Skip" scenarios 
where the spacecraft is sufficiently slowed to be captured by the Earth's gravity field 
result in reentries that occur within months of the first skip. The only condition that 
could result in the spacecraft staying in orbit for "centuries" is the Sufficiently High 
Orbit (SHO) maneuver. A study of the potential effects of orbital debris on the 
spacecraft in this condition concluded that the probability of the spacecraft posing a 
threat to Earth due to collisions with orbital debris, either while boosting to or while in 
SHO, is extremely remote. Over the 2,000 year period of the SHO a total of 14 hits by 
orbital debris particles of 1 cm (or smaller) diameter is predicted. To impart a rotational 
speed sufficient to cause the spacecraft to come apart or to "throw off" parts would 
require many more collisions than what is expected. 

Similarly, to alter the spacecraft SHO to the point where other forces would 
cause the orbit to decay more rapidly (a change in velocity [DV] of approximately 74.6 
meter/sec), would require several thousand 1 cm diameter particle collisions, all from 
the same direction, to produce this large a DV. The probability of collision with a single 
larger object is similarly remote. Even assuming a difference in relative speed as large 
as 20 km/ sec., a single object would still have to have a mass of approximately 15 kg to 
produce the needed DV. At typical orbital debris velocities, it would be more likely 
that the object would rip through the spacecraft, leaving the remnants in roughly the 
same orbit the spacecraft was in prior to impact. Since there are relatively few 
spacecraft around the 1200 km (745 mi) altitude, the chances of collision with another 
object similar in size to Cassini is also remote, especially given that all these objects are 
tracked and monitored from the ground. 

Comment No. 2-11 


Analysis of the skip trajectories indicates that localized heating can cause a 
release of the spacecraft liquid propellants. Ignition of the propellants, however, is not 
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expected because they would be rapidly dispersed at the reentry velocities which 
would prevent significant mixing of the propellants. It is also expected that, for some of 
the skip trajectories, heating can melt the aluminum case of an RTG and release the 
individual GPHS modules, which could then reenter and impact the Earth. The 
outcome of such a reentry would not be different from other reentry scenarios. 

Comment No. 2-12 (a) - DOE 


Please see response to comment 2-7, final paragraph. 

Comment No. 2-12 (b) 


The potential consequences of exposure to plutonium were addressed in 
Appendix C of the June 1995 Cassini EIS. 

In the comparisons made in the Draft and Final SEIS, the quantities of Pu-239 are 
described in terms of curies. A curie is a unit of activity defined in terms of a specific 
number (3.7xl0 10 ) of disintegrations (decays) per second. The 1995 Cassini EIS provides 
the amount of activity released during the weapons testing program in terms of curies. 
A curie of activity from Pu-239 is equivalent to a curie of activity from Pu-238, and their 
radio-biological health effects are nearly equivalent. 

Please also see response to comment 2-7, first paragraph. 

Comment No. 2-12 (c) - DOE 


Potential cancer induction and genetic effects are described on pages C-5 and C-6 
of the June 1995 Cassini EIS. The health effects estimator used to estimate excess cancer 
fatalities reflects consideration of a range of cancer types. The International 
Commission on Radiological Protection publication, ICRP-60 (ICRP 1990), addresses 
total detrimental effects, including fatal and non-fatal cancers and severe hereditary 
effects, in terms of an adjusted estimator of 7.3xl0' 4 effects per person-rem. 

The overall approach to radiation health effects has been outlined in ICRP-60, 
reflecting consideration of the Committee on the Biological Effects of Ionizing Radiation 
(BEER), and United Nations Scientific Committee on the Effects of Atomic Radiation 
(UNSCEAR) studies. The conclusions in ICRP-60 represent general consensus within 
the health physics community, although by no means reflective of the viewpoints of all. 
As such, the approach taken to health effects estimates in both the Draft and Final SEIS 
is consistent with that taken at the Federal level regarding potential radiological 
consequences of postulated radioactive releases resulting from nuclear incidents and 
accidents. 

There is much disagreement within the health physics community regarding the 
effects of low-level radiation. Many of the issues regarding the mentioned effects relate 
to gamma radiation and are not really relevant when dealing with alpha radiation. 
While gamma radiation is associated with plutonium dioxide, its contribution to the 
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dose is very small (less than 1 percent compared to that associated with alpha 
radiation). 

There are varying viewpoints regarding the effects of low-level ionizing 
radiation. While a multiplier effect at low doses is promoted by some, such a potential 
characteristic is not supported by the general health physics community in light of 
animal studies, human health effects studies, and consideration of changes in natural 
background radiation from region to region (NAS 1988, NAS 1990, and ICRP 1990). 

Comment No. 2-12 (d) 

All potential doses were considered in estimating the accident consequences 
reported in the Draft and Final SEIS. 

Comment No. 2-12 (e) 

The commentor's accusations are unfounded. The Draft and Final SEIS have 
been prepared using the best available information. See also responses to comments 2-a 
and 2-36. The commentor has been supplied with a copy of the recently available Safety 
Analysis Reports (LMM&S a-j; EG&G 1997), which are referenced in this Final SEIS. 

Comment No. 2-12 (f ) 

The comment postulates a non-credible scenario that has no plausible 
relationship to the possible accidents that could occur with the Cassini mission. Please 
see response to comment 2-18. 

Comment No. 2-12 (g) 

There are more than 7,000 objects whose trajectories are known that orbit the 
Earth within the altitude band from about 200 km (124 mi) to 40,000 km (24,800 mi). 
There is a much larger population of objects below 10 cm (about 4 inch) in size that is 
also predicted within this region. The total volume of this region is roughly 100 trillion 
cubic km (24 trillion cubic mi.). During the Cassini swingby , the spacecraft sweeps out 
a volume of only 2.3 cubic km (0.55 cubic mi.). When the appropriate particle densities 
are included in the actual analysis, the probability of Cassini receiving a critical hit 
(leading to an Earth impact) is calculated at 7.5xl0‘ 8 for particles of 1 gm or larger, and 
at 2.2x1 O' 5 for particles of size 1 milligram or larger. Additionally, the spacecraft speed 
is so high at this point in the mission that no collision with space debris could provide 
enough energy to put the spacecraft or its RTGs on an impact course with Earth. 

Comment No. 2-12 (h) 

Please see response to comment 2-7 last paragraph and response to comment 2- 

12 (d). 
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Comment No 2-13 


This Final SEIS now includes this information, which recently became available 
(See Table 4-2). It should be noted that the "maximum individual dose" refers to a 
maximally exposed person in the population for each mission segment accident 
simulation. The maximum individual dose is a useful indicator of the upper limits of 
radiological risk to which an individual in the population might be exposed due to an 
accident; whereas the collective dose, which incorporates the maximum individual dose 
as well as all lesser doses, quantifies the radiological risk in the total potentially exposed 
population. The maximum individual dose is included as part of the cumulative 
population dose, which is used to estimate accident consequences. 

The commentor is incorrect in implying that the maximum individual dose 
would be expected to be received by each person in the event of an upper atmosphere 
release from a swingby accident. 

Comment No. 2-14 


The analysis performed involved simulating thousands of accident scenarios and 
thousands of release scenarios. Because it is not practical to generate a graphical 
presentation for each case, the analysis proceeded on a mathematical analytical basis, as 
opposed to graphical analysis. The Safety Analysis Reports (LMM&S a-j; EG&G 1997), 
which were recently completed, make extensive use of graphics to present results of the 
analyses. 

Comment No. 2-15 


The estimates of land contamination take into consideration the physical 
mechanisms that are required to distribute the released material. The recently available 
safety analyses (LMM&S a-j; EG&G 1997) incorporated among other factors, 
meteorological factors and particle size distribution of postulated releases, to distribute 
the released material. The scenario described in this comment could not happen in an 
accident. The plutonium dioxide is contained within two rugged graphite (carbon- 
carbon composite) structures and encapsulated within iridium shells. These materials 
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are designed to mitigate the effects of atmospheric heating and mechanical loads 
experienced during reentry and the subsequent impact event. With respect to the 
commentor's implication that the entire inventory on board the Cassini spacecraft could 
be released, there are no credible accident scenarios which would lead to the release and 
dispersal of the full inventory of plutonium dioxide. 

Comment No. 2-16 


The comment takes out of context the monetary amounts authorized by the 
Price-Anderson Act for indemnification, and confuses the indemnification authority 
with insurance coverage. The commentor is referred to the entire text of 42 USC Section 
2210 for the proper context of the monetary limitations authority of Price-Anderson. 
Further, it should be noted that the Price-Anderson Act Amendments of 1988 (Pub. L. 
100-408, 103 Stat 1066, August 20, 1988), as amended, is the law of the United States 
and does not violate treaty obligations under the Outer Space Treaty (i.e., 1967 Treaty 
on Principles Governing the Activities of States in the Exploration and Use of Outer 
Space, including the Moon and other Celestial Bodies). 

Comment No. 2-17 


Nuclear power is only used or proposed when it provides technical benefits. The 
RTG technology has a proven record of long-term reliability in space applications and is 
the only power system that satisfies all the performance criteria associated with the 
Cassini mission. The satellite systems mentioned which would support commercial 
communication networks do not come under NASA’s purview, but it is extremely 
unlikely that any commercial vender would suggest the use of nuclear power for Earth 
orbiting communication systems. For Earth orbiting communication systems, solar 
arrays are the power system of choice. This is because the Earth is much closer to the 
sun and sunlight is sufficiently intense to permit its use in Earth orbit. This is a 
significantly different scenario than that for the Cassini mission where the sunlight at 
Saturn is not sufficiently concentrated to permit the use of solar arrays as a power 
source. 

Comment No. 2-18 


There are more than 7,000 objects whose trajectories are known that orbit the 
Earth within the altitude band from about 200 km (124 mi) to 40,000 km (24,800 mi). 
There is a much larger population of objects below 10 cm (about 4 inch) in size that is 
also predicted within this region. The total volume of this region is roughly 100 trillion 
cubic km (24 trillion cubic mi). During the Cassini swingby, the spacecraft sweeps out a 
volume of only 2.3 cubic km (0.55 cubic mi). When the appropriate particle densities 
are included in the actual analysis, the probability of Cassini receiving a critical hit is 
calculated at 7.5x10^ (about 1 in 13 million) for particles of 1 gm or larger, and at 2.2xl0‘ 5 
(about 1 in 40,000) for particles of size 1 milligram or larger. However, the spacecraft 
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speed is so high at this point in the mission that no collision with space debris could 
provide enough energy to put the spacecraft or its RTGs on an impact course with 
Earth. 

Comment No 2-19 


As in the Draft SEIS, the NASA Final SEIS and the recently available Safety 
Analysis Reports (LMM&S a-j; EG&G 1997) provide not just the mean but a range of 
potential doses with the associated probabilities of the doses occurring. This range of 
doses is presented for the 5-th, 50-th, 95-th and 99-th percentiles. Stated differently, 
both the Draft and Final SEIS provide the probability that a dose could be equal to or 
greater than the dose given in each of the percentile tables. The 0.2 (iCi/ m 2 guidance 
level developed by the U.S. Environmental Protection Agency (EPA) is used in the Draft 
and Final SEIS only as an indicator of the potential extent of land contamination that 
may need further evaluation. Potential low doses were not excluded from the health 
effects calculations. Those calculations incorporated all potential doses, from minuscule 
to high. 

For the population to be exposed to radioactive materials, the material must be 
transported to areas in which people are located. A significant consideration in the 
recently available Safety Analysis Reports (LMM&S a-j; EG&G 1997), and in the safety 
analysis process still ongoing, involves transporting of particles using models of wind 
and weather conditions. That modeling of transport processes produces a range of land 
contamination values. Because of the varying particle sizes in a potential release, the 
material would not be evenly dispersed. 

The commentor incorrectly implies that the potential effects of a release would 
continue for generations and perhaps even involve more people as population grows. 
Please see response to comment 2-3. 

Comment No. 2-20 


The commentor appears to be confusing the EPA guideline level for land 
contamination with the de minimis concept. 

The implication that NASA has discounted its estimates of consequences by 
incorporating a "minimum lethal dose of plutonium" is misleading. There is an 
ongoing discussion within the scientific community as to whether small levels of 
exposure below 1 millirem per year (0.001 rem/yr) can, over 50 years, induce a cancer 
fatality. This is referred to as the "de minimis" level. The safety analysis takes no credit 
for the fact that there could be a dose level below which no effect will be observed. All 
estimates in both the Draft and Final SEIS of the potential health effects that could occur 
over 50 years due to exposure to plutonium take into account all exposures to 
plutonium, no matter how small. 

The average individual receives 300 millirem per year (15,000 millirem over a 50 
year period) due to natural background radiation. The results reported in both the 


E-51 



RESPONSES TO COMMENTS 
Commentor 2: Russell D. Hoffman 


Draft and Final SEIS incorporated all dose estimates and health effect estimates even if 
they were less than 0.001 rem over 50 years. 

Comment No. 2-21 


The EPA guidance level is utilized for evaluative purposes in the impact analyses 
as a land contamination level at or beyond which further evaluations should be 
considered. It is not a definitive statement regarding the land area that would or would 
not be considered for mitigation. In the unlikely event that an accident releasing 
plutonium were to occur, the extent and level of actual contamination would be 
determined, and appropriate measures implemented. See also response to comment 2- 
20 . 

Comment No. 2-22 


The analyses considered only credible accident scenarios. Neither the Draft nor 
Final SEIS provides an estimate of health effects involving the release of material equal 
to a full RTG because best estimate analysis predicts that only a small fraction of the 
aeroshells, and in turn the graphite impact shells, would erode sufficiently to result in 
an in-air release of plutonium. For the most severe reentry case, that associated with an 
Earth Gravity Assist (EGA) flyby, the analysis performed to date predicts that, on the 
average, less than two of 54 modules would release their material in the air. In turn, 
only a portion of that material would be of a form and location such that it would be 
inhaled by persons around the world. Impact with space debris would not significantly 
alter this finding. Reentry from an EGA or collision with space debris are of such a low 
probability that they are not expected to occur. 

Neither on-orbit nor reentry release of liquid propellant would result in damage 
to the RTGs. See also response to comment 2-11. 

The potential for plutonium dioxide releases in highly populated areas is 
included in the collective dose and health effects predicted for the inadvertent EGA 
reentry accident, but the dominant contribution to these radiological consequences is 
related to very low dose levels (hundreds to thousands of times less than natural 
radiation dose levels) received by the global population. NASA has taken extraordinary 
efforts to reduce the chance of an inadvertent EGA reentry accident to less than one in a 
million. The probability of hitting a highly populated area is further reduced by several 
factors. Three-quarters of the Earth s surface is water. An impact onto water would not 
result in any releases of plutonium dioxide. Further, the areas with high population 
represent only a small fraction of the Earth's surface. This further reduces the 
probability of an aeroshell impacting in a populated area. The probability of having 
such an impact is on the order of less than one in one-hundred million. 
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Ice impacts were accounted for in the analysis (LMM&S a-j, specifically Vol. Ill, 
Book 2, Appendix E, page V. Ill E-8). Impact on ice might produce releases similar to 
those associated with impacts on rock. Impacts on snow or packed snow would be less 
likely to produce releases. Overall, the potential for release under ice and snow 
conditions would not be significantly different than that for impacts on soil and rock, 
which were addressed in the simulations referenced in the Final SEIS. While recovery of 
plutonium from icy conditions might complicate the recovery process, the presence of 
moisture upon impact could lessen the spread of the particulate that is assumed in both 
the Draft and Final SEIS. 

Comment No. 2-24 


Please see response to comment 2-4. 

Comment No. 2-25 


The RTG casing is designed to melt upon reentry, releasing the modules, which 
in turn reenter individually and reach the ground at the much reduced, terminal 
velocity (about 49 m/sec). This design protects and contains the module's plutonium 
dioxide under a wide range of entry and impact conditions. RTGs and RHUs are not 
nuclear reactors; they are passive devices with no moving parts. The physical 
appearances and makeup of the RTGs and RHUs were addressed in greater detail in 
Section 2.2.4 of the June 1995 Cassini EIS, and in the recently available Safety Analysis 
Reports (LMM&S a-j; EG&G 1997). See also response to comment 2-8. 

Comment No. 2-26 


Emergency response planning for the Cassini mission was referenced in Section 
4.2.9 of the June 1995 Cassini EIS. 

In accordance with the Federal Radiological Emergency Response Plan (FRERP), 
comprehensive radiological contingency plans will be finalized before launching the 
Cassini mission. These plans, similar to the ones developed for the Galileo and Ulysses 
missions, will ensure that any accident, whether it involves a radiological release or not, 
will be met with a well-developed and tested response. The plans are being 
coordinated with Federal agencies including EPA and the Federal Emergency 
Management Agency, and with the State of Florida and Brevard county organizations 
involved in emergency response. Pertinent portions of the plans will be exercised to 
ensure that the various organizations are prepared to respond to any radiological 
emergency associated with the launch. In accordance with the FRERP, NASA is the 
Lead Federal Agency (LFA), coordinating the Federal response for accidents occurring 
within U.S. jurisdiction, and will coordinate with the Department of State and other 
cognizant agencies, as appropriate, in the implementation of other responses. 
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Regarding the use of iodine pills, they would be useful only in blocking the 
uptake of radioiodine by the thyroid following a nuclear reactor accident. Since no such 
releases are associated with the type of accidents involving plutonium dioxide 
addressed in the Draft and Final SEIS, the use of iodine pills would not be planned. 

Comment No. 2-27 


The Mars 96 accident response was the responsibility of Russia, not the U.S. Any 
response by the U.S. would have to be requested by the affected countries. Accident 
scenarios of the Mars 96 - type have been considered as part of the Cassini mission 
design and safety analysis efforts. 

Comment No. 2-28 


The June 1995 Cassini EIS and the SEIS are NASA pavload NEPA 
documentation, in compliance with NASA regulations at 14 CFR 1216.305 (c) (3). 

Comment No. 2-29 

Comment noted. 

Comment No. 2-30 


Political and geopolitical considerations are outside the scope of the National 
Environmental Policy Act (NEPA) process. 

Comment No. 2-31 


In the unlikely event of an accident leading to a release of plutonium dioxide to 
the environment, the U.S. Government would be financially responsible. Should 
plutonium dioxide contaminated soil removal be required, it would be disposed of in 
an approved radioactive waste site. 

Comment No. 2-32 


Comment noted. 

Comment No. 2-33 

The commentor mischaracterizes the nuclear launch safety evaluation as a 
"Presidential Statement." What the June 1995 Cassini EIS and the Draft and Final SEIS 
reference is a Presidential-level nuclear launch safety evaluation process. The process 
includes a Safety Analysis Report (SAR) and its evaluation in an independent Safety 
Evaluation Report (SER). That process is ongoing and is separate from the National 


E-54 



RESPONSES TO COMMENTS 
Commentor 2: Russell D. Hoffman 


Environmental Policy Act (NEPA) process. The Department of Energy is responsible 
for the SAR. The Interagency Nuclear Safety Review Panel (INSRP), supported by 
national consultants in varied fields of expertise, is responsible for the independent 
SER. 

Comment No. 2-34 


The commentor's accusations are unfounded. The Draft and Final SEIS have 
been prepared using the best available information. See also responses to comments 2-a 
and 2-36. The commentor has been supplied with a copy of the recently available Safety 
Analysis Reports (LMM&S a-j; EG&G 1997), which are referenced in the Final SEIS. 

Comment No. 2-35 


The 720 equal-area grid of the worldwide data base was used to represent 
demographic and surface-type (water, rock, soil) distributions required for the type of 
modeling being performed for the Cassini mission safety analysis. Much higher 
resolution was used within each grid cell to develop the following probability 
distributions used in the analyses: 

Land and water fractions 

Total population and population densities 

Probability distribution over 15 population density classes 

Probability distribution over 7 soil /rock classes 

Probability distribution over 9 land use/ cover classes, and 

Joint probability distribution of population density class and soil/ rock class. 

Comment No. 2-36 


The NASA contractor for the June 1995 Cassini EIS and SEIS is Science 
Applications International Corporation (SAIC). 

Please see response to comment 2-12(c). 
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Gary L Bennett 

5000 Butte Road • Emmett, Idaho 83617-9500 
Telephone/Facsimile: (208) 365-1 210 


21 May 1997 


Mr. Mark R. Dahl ' 

Program Executive, Cassini 

Mission and Payload Development Division 

Office of Space Science 

NASA Headquarters 

Code SD 

Washington, D.C. 20546-0001 
Dear Mr. Dahl: 

Enclosed far your consideration are my comments on the Draft "Supplemental 
Environmental Impact Statement for die Cassini Mission”. 

If you have any question or need clarification of any comment please contact me at the 
above address or telephone/fax number. 



E-57 



Commentor 3: Gary L. Bennett 


COMMENTS ON THE DRAFT 

"SUPPLEMENTAL ENVIRONMENTAL IMPACT STATEMENT 
FOR THE CASSINI MISSION" 

Document Dated April 1997 

Prepared by 
Gary L. Bennett 


General Comment 

This document reads as if all the accidents and all the releases are foregone conclusions. 
The DSEIS has a strongly deterministic tone when, in fact, these are postulated or 
hypothetical accidents which may or may not cause releases which may or may not have 
any measurable health effects. In every statement in the DSEIS where accidents are 
mentioned the conditional word "postulated" or "hypothetical" should be inserted before the 
word "accident". A similar statement applies to releases and health effects. These are . 
calculated results they are not foregone conclusions. 

The DSEIS would benefit from a short discussion of the foregoing points to ensure that the 
public understands that the DSEIS is based on calculations and that launching Ca«ini does 
not mean that these accidents will automatically happen and cause the listed consequences. 
Risk analyses needs to be put in context Hie results presented need to be putin context; 
for example, about 20% of all the people alive today will probably die of cancer (~1 billion 
people) so the health effects calculated for the postulated Cassini accidents are clearly 
miniwMilft Moreover, given the releases there is no assurance that even the calculated 
health effects will occur. The "true" health effects (^iven the accidents) are somewhere 
between zero and the numbers presented. The public needs to know this. 

There have been some good, general-interest write-ups prepared pointing out the benefits 
of nuclear devices (smoke detectors, medicine, etc.). These should be consulted so that a 
proper balance can be presented in the SEIS. 

As a reference point, "Since the first nuclear weapons test at Alamogordo, N.Mex., on July 
16, 1945, approximately 360,000 Ci (360 kCi) of 239 * 240 Pu has been injected into the 
atmosphere. In addition, 17,000 Ci (17 kCi) of 238 Pu entered the atmosphere in April 
1964 as a result of the high-altitude bumup of a SNAP-9 satellite power source . ..” (cf. 
Transuranic Elements in the Environment, DOE/TIC-22800, 1980). Keep this in mind 
when the critics start saying that there's enough plutonium on board Cassini to give 
everyone lung cancer. That hasn't happened from the weapons tests which were much 
more finely and widely distributed than any of the postulated Cassini accidents. 

Page iii - At the bottom of the page - does the Cassini spacecraft really "care" if the rings 
are nearly edge-on to the Earth and Sun? Can it be maneuvered to overcome that 
alignment? 

Page iv - The first paragraph should be much more positive. Describe what the RTGs and 
RHUs are and what they do — how essential they are. All anyone gets from this paragraph 
is how "awful" they are. List the benefits. 


Page 1 
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Pave v - The first and second paragraphs need words like "postulated'' and "potential" 
inserted just about every place. The last sentence of the second paragraph should replace 
the word "would" with "are calculated". It is not a certainty that these releases will occur. 

Page v - In the second line of the second paragraph the simulations are experimental and 
analytical are they not? 


Page vi - In the first paragraph, replace the word "threaten" with "affect" (two places). The 
health effects are calculated given the postulated accidents occur. This entire paragraph is 
full of pejorative words. 


Page vi - In the second paragraph why is the time period from T+143 s to T+206 s not 3.6 

considered? Can't there be explosions with fragments released? I 


Page vi - In the third paragraph the reader is left dangling as to what these "new" prelaunch 
accidents are. A sentence or two explaining the situation would help. Also, the reader 
should be told what exceeding the EPA guideline level really means. The world isn't going 
to end, is it? 


3-7 


Page 1-1 - In the second paragraph be much more positive. Describe what the RTGs and 
RHUs are and what they do — how essential they are. All anyone gets from tins paragraph 
is how "awful” they are. List the benefits. 


Page 1- 1 - In the third paragraph the words "substantial impacts" have a highly negative 
connotation with no context given forjudging if that is indeed the case. Suggest replacing 
those words with something like "an effect upon the human environment". 


Page 1-2 - In the first full paragraph is there a contradiction between the statement "No pre- . n 

launch Phase 0 accidents were identified that could cause a credible release" and die third j ' u 

paragraph of page vi? 

Page 1-2 - Frankly, from the results presented the statement in the last sentence of the 3-11 

fourth full paragraph doesn't seem warranted. In real terms the changes are all in the noise 1 
level and the DSEIS probably isn't needed. 


Page 1-4 - Was this page left intentionally blank? 

Page 2-2 - In the paragraph labeled "Changes in Mission Design Since the EIS", some 
clarification is needed as to why delaying the last trajectory correction increases the biasing. 
Somewhere it should be clearly stated that at any given time the trajectory wall be such that 
the velocity vector is pointed away from an Earth intercept 


3-12 

3-13 


Page 2-6 - Some more information should be presented on the ESA cells. For example, are 
they concentrator cells and, if so, what is the concentration ratio? Are they just GaAs cells 
or is there another material (multi-junction, multi-bandgap)? What is die efficiency of the 
cells? How do these cells compare with the U.S. GaAs/GaSb cells that have produced 
30% efficiency in laboratory conditions? If the cells are concentrator cells this severely 
restricts the alignment of the array which means more propellant. 


3-14 


Page 2-8 - If the cells are GaAs they should not be as radiation sensitive as Si cells; 
although the end point in terms of percent power loss may end up being the same. 


3-15 


Page 2-8 - Diodes are a standard part of solar arrays. What’s special about diodes on the ( 3.16 
hypothetical Cassini array? ' 


Page 2 


E-59 



CommentorNo. 3: Gary L. Bennett 


Page 2-9 - Section 2.1.5 * Hydrazine by itself is usually not "burned" it is decomposed. 

Page 2-1 1 - In the first full paragraph some explanation of Hazards Class 1.3 would be 
helpful. As it is the lay reader is left with a negative impression. Can a statement be made 
that these are benign solids (i.e., they won’t go "high order" in an impact or explosion; 
won't detonate). 

Page 2-16 - In the first full paragraph are there any explosion/fragment issues in Phases 2, 
3 or 4 (see also page 2-20)? 

Page 2-16 - In the third full paragraph the entire discussion about cancers is too 
deterministic and too fatalistic. These are calculated numbers with the "real" value (given 
the accident) lying somewhere between zero and the number falmlaiwd What is meant by 
"large number of people worldwide'? Put this in context! The "expectation of latent cancer 
fatalities" is somewhere between zero and the number calculated 

Page 2-17 - In Section 2.4.2, first bullet, second paragraph: Should it say dial The 
updated analyses use more detailed accident descriptions ... "? As it is, the impression is 
left that the EIS used nothing. 

Table 2-2 - For comparison with the text, a separate column listing the Phases «hn«iH be 
incl uded. Footnote d: These are potential, calculated latent cancers. PUT IT IN 
CONTEXT! ! ! Footnote g implies another EIS is craning. How long will this continue? 
Sometime you have to launch! 

Page 2-20 - In die first paragraph if the hypothetical prelaunch accidents are now of 
concern then so should be the postulated accidents in Phases 2,3 and 4 (page 2-16). 

Page 2-20 - In the second paragraph, what does it mean to exceed the EPA guidance level? 
The last sentence should include the words "the benefits of' before the word 
"implementation”. 

Page 2-22 - The No-Action Alternative does have adverse impacts. It mi-aiK loss of jobs. 

It means loss of American planetary science preeminence which will hurt U.S. science 
which in turn will hurt U.S. technological leadership. It means all this hardware was built 
and the financial/peponal/environmental impacts were taken and no benefits achieved. The 
No-Action Alternative is the most costly of the alternatives. 

Table 2-3 - For comparison with the text, a separate column Hsting the Phases should be 
included. Most people will only read the tables so they need to be clear and in context 

Page 4-1 - Section 4.1 - Explain that by not including de minimis the results are really 
worst case. Don't leave it dangling. 

Page 4-3 - hi the first full paragraph can a statement be made that these types of analyses 
are fully consistent with U.S. and internationally accepted guidance? Tins would give the 
reader the impression that this is an accepted, orderly process. 

Table 4-1 - Note that these are postulated accidents. 

Page 4-6 - In the first paragraph of Section 4. 1.2.2 note that all of this assumes the accident 
happens in the first place. The odds are the mission will be a success. 


Page 3 
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Table 4-2 - For comparison with the text, a separate column listing the Phases should be 
included. Most people will only read the tables so they need to be clear and in context 
Footnote d: These are potential, calculated latent cancers. PUT IT IN CONTEXT!!! 
Footnote g implies another EIS is coming. How long will this continue? (This is clearly a 
growth industry - how many trees is this costing us?) 

Page 4-8 -Second full paragraph -is the probability 2 x 10* 7 for all time or per year? The 
time makes a difference. In seven half-lives there will be less than 1% of die 238 Pu left 

Page 4-8 - Third full paragraph - these ideas need to be expressed earlier. This helps put 
everything in context 

Page 4-12 - Second paragraph - there won't be much 238 Pu left in a few half lives. 

Page B-l - Can Becquetel and Curie be put in context e.g., related to smoke detectors or 
something? Mr. & Mrs. Public may de c id e that 1 disintegration per second is one too < 
many. 

Page B-2 - Dose generally refers to the total dose received not per unit body mass. 

Page B-3 - The definition of "initiating event" seems wrong. Are systems failures really 
required? 

Page B-3 - Why is plutonium singled out as "heavy"? Lead is heavy, too. Plutonium is 
produced in stellar explosions so it's not strictly artificially produced. In fact, plutonium 
has been found on Earth that did not come from weapons tests or SNAP-9A. 

Page B-3 - At one time REM = (RBE)*(Rads). Now we have Quality Factors. Just 
checking. 

Page B-3 - Solar energy usually refers to the energy provided by the Sun; how it’s 
convened or used is another matter. (What’s really important is solar power; specifically 
insolation.) 


3-31 


3-32 


3-33 


3-34 

3-35 


I 


3-36 

3-37 


| 3-38 
I 3-39 
| 3-40 
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Comment No. 3-1 


The illumination of Saturn's rings is important and does matter for scientific 
observations. If the rings are edge-on to the Sun, imaging science observations of the 
rings would be severely limited. The spacecraft could not be maneuvered to overcome 
this alignment. 

Comment No. 3-2 


Comment noted. Please refer to the 1995 Cassini Environmental Impact 
Statement (EIS), Section 2.2.4.2, and Volume I of the recently available Safety Analysis 
Reports (SARs) (LMM&S a-j; and EG&G 1997) now referenced in this FSEIS. The SARs 
have been forwarded to the commentor. 

Comment No. 3-3 


The commentor is correct in asserting that the postulated release would not be 
certain to occur. In fact, for a large number of the accidents evaluated for the recently 
available Safety Analysis Reports (LMM&S a-j; and EG&G 1997), no release would 
occur. The recommended substitution of "are calculated" for "would" at this location is 
accepted. 

Comment No. 3-4 


Yes, the simulations are experimental and analytical. For additional details, the 
commentor is referred to the recently available Safety Analysis Reports (LMM&S a-j- 
EG&G 1997). 

Comment No. 3-5 


Comment noted. 

Comment No. 3-6 


During this time interval there could be explosions with fragments released; 
however, because the payload fairing has been jettisoned prior to this interval and thus 
would no longer be in place to contain and direct explosive forces at the spacecraft, 
there would be no threat to the RTGs and RHUs. See the recently available Safety 
Analysis Reports (LMM&S a-j; and EG&G 1997). 

Comment No. 3-7 


The new prelaunch accident considered in the consequence analyses is similar to 
the Centaur tank collapse accident described in Section 4.1.5.2 of the June 1995 Cassini 
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EIS. For additional details of the prelaunch scenarios addressed in the updated analyses 
see the recently available Safety Analysis Reports (LMM&S a-j; and EG&G 1997). 

Comment No. 3-8 


Descriptions of the RTGs and RHUs can be found in Section 2.2.4 of the June 1995 
Cassini EIS and in the recently available Safety Analysis Reports (LMM&S a-j; and 
EG&G 1997). 

Comment No. 3-9 


Comment noted. 

Comment No. 3-10 


There is no contradiction between the referenced paragraphs. This paragraph 
describes what was presented in the June 1995 Cassini EIS. 

Comment No. 3-11 


Comment noted. 
Comment No. 3-12 


Yes the page was left intentionally blank. 

Comment No. 3-13 


By delaying the final trajectory correction maneuver, the spacecraft remains 
biased away from the final swingby altitude at Earth for a longer period of time (i.e., an 
additional 3 days). In addition, the final swingby altitude has been raised to at least 800 
km (500 mi) from 500 km (320 mi). These two independent actions were implemented 
as part of the mission design that ensures that the probability of an inadvertent Earth 
swingby reentry remains less than one in one million. 

Comment No. 3-14 


The ESA cells are not concentrator cells. ESA developed both GaAs and Si cells. 
The efficiency of the cells at Saturn has been estimated at 22 - 24%. In comparison to the 
U.S. GaAs/GaSb combination cells, the ESA cells exhibit a lower efficiency; however the 
U.S. cells, because they are actually two cells combined, are approximately 2 to 3 times 
heavier than the ESA cells. The GaAs/GaSb cells have only been fabricated under 
laboratory conditions, and have not been tested for LILT effects. 
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Comment No. 3-15 


The commentor's observation that both GaAs and Si cells would be subject to 
radiation degradation for this type of mission is correct. 

Comment No. 3-16 

The diodes that would be necessary for the hypothetical Cassini array would 
require a special design (i.e., would have to be a wafer design rather than the 
conventional cylindrical design) that is compatible with thin and collapsible (i.e. 
foldable) solar arrays. 

Comment No. 3-17 

Comment noted. 

Comment No. 3-18 

Tests have shown that SRMU propellant cannot detonate (i.e., go high order) 
under any credible launch accident scenario. Hazard classification 1.3 refers to 
Department of Defense document DOD 6055.9-STD-DOD, Ammunitions and 
Explosives Safety Standards, October 1992. 

Comment No. 3-19 

No. The payload fairing has been jettisoned and is no longer available to contain 
and direct explosive forces at the spacecraft. See also response to comment 3-6. 

Comment No. 3-20 


Comment noted. Section 2.4.1 of the Draft and Final SEIS is a summary of Section 
4.1.6 of the June 1995 Cassini EIS. 

Comment No. 3-21 

Text revised accordingly. 

Comment No. 3-22 

Mission phases were grouped into mission segments for the convenience of the 
reader. The mission segments consolidate potential accidents which could affect the 
same portion of the environment. Footnotes "d" and "g" have been updated. 
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Comment No. 3-23 


The accidents postulated during the referenced phases would lead only to water 
impacts; no releases occur from such an impact. 

Comment No. 3-24 


In both the June 1995 Cassini EIS and the Draft and Final SEIS, the EPA guideline 
level is used for illustrative purposes as an indicator of the potential amount of land 
contamination that could require some level of cleanup. If an accident were to occur the 
actual amount of land subject to cleanup would be determined as one element of the 
emergency response. The recommended addition of "benefit of" is noted. 

Comment No. 3-25 

Comment noted. 

Comment No. 3-26 

Mission phases were grouped into mission segments for the convenience of the 
reader. The mission segments consolidate potential accidents which could affect the 
same portion of the environment. 

Comment No. 3-27 

NASA did not include consideration of de minimis in reporting potential 
accident consequences in the Draft and Final SEIS. NASA does not take a position on 
the issue of de minimis; accordingly the SEIS reports only the consequences estimated 
by considering the full potential radiation doses. 

Comment No. 3-28 

The analyses conducted are consistent with established radiological risk 
assessment methodology and practices. 

Comment No. 3-29 

Comment noted. 

Comment No. 3-30 

Comment noted. 
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Comment No. 3-31 

The Draft and Final SEIS text (Section 2.1.7) attempts to explain to the reader that 
the launch phases used in the June 1995 Cassini EIS were somewhat different from 
those used in the recently available Safety Analysis Reports (LMM&S a-j; EG&G 1997). 
The breakdown of the phases referenced in the table are those used in the Safety 
Analysis Report and will better facilitate an understanding of the analyses upon which 
the Draft and Final SEIS is based 

It was not intended that the footnotes convey or imply that another EIS is 
coming. 

Comment No. 3-32 

The 2xl0" 7 is for 100 years; or slightly more than one half-life of Pu-238. 

Comment No. 3-33 

Comment noted. 

Comment No. 3-34 

Comment noted. 

Comment No. 3-35 

Comment noted. 

Comment No. 3-36 

The definition as stated in the Draft and Final SEIS is correct. 

Comment No. 3-37 


The definition as stated in the Draft and Final SEIS is correct. 
Comment No. 3-38 

Comment noted. 

Comment No. 3-39 

Comment noted. 
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Comment No. 3-40 


Comment noted. 
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ANTHONY EHRLICH 
96 HILLDALE AVENUE 
ORMOND BEACH, FL 32176 


Subject: Supplemental Environmental Impact Statement for the Cassini Mission 
May 21, 1997 

References: 1. NASA DSEIS transmittal letter dated April 4, 1997 by Mark R. Dahl 

2. Letter of correction for DSEIS dated April 8, 1997 by Mr. Dahl 

3. Nuclear Safety Analysis for Cassini Mission Environmental Impact 
Statement Process, HNUS-97-0010, April, 1997 

Code SD 

NASA Headquarters 
Washington, DC 20546-0001 

Dear Sirs: 

ffe have just completed a review of the Draft Supplemental Environmental 
Impact Statement (SEIS) transmitted by reference 1 and amended by reference 2. 

We are also in receipt of and have read reference 3 (HNUS), transmitted by 
reference 1. Our review has found what appear to be serious flaws and omissions. 
Our ccnments are given below. We respectfully request that you answer our conmants 
and incorporate the results in another SEIS. 

Cament l below has to do with the use of solar arrays instead of plutonium. 
Ccnments 2 through 5 identify missing data or misleading information presented 
in table 4-2, which on face value would seem to be a compilation of possible 
hazards. Ccnxnent 6 requests an explanation intelligible to the layman of why 
uncertainty techniques had to be applied to the results of the radiological 
analysis restate and what the results of the uncertainty study mean in tangible 
tsraB to the citizens of Florida and the United States. Ccnmnt 7 has to do with 
the timing and content of the contingency plan still being developed. And comnent 
8 concerns the data presented for potential clean up costs and plans for disposal 
of any radioactive materials cleaned up. 

1. Pages 2-6 through 2-9, Solar Arrays. Despite the "low" estimate of radio- 
logical risk in the Draft SEIS for the planned mission, we fell any risk 
involved with putting plutonium into space is not warranted and that solar 
arrays provide an acceptable alternate. Page 2-8 includes a statement by 
"...researchers who developed the ESA [European Space Agency] solar cells," 
who concluded that, "Low (insolation) intensity and low temperature (LILT) 
solar cells (including those developed by ESA) are not a viable power source 
alternative for the presently defined Cassini mission of NASA (H. Hasson, 
1996)" This statement of non-viability, however, is not a formal input; the 
source cited in SEIS Section 8.0, References, merely says, "Hassan H. 1996. 
Personal communication to D. Kindt, Jet Propulsion Laboratory, regarding 
ESA assessment of the JPL system study related to the possible use of photo- 
voltaic arrays for the Cassini mission." It is our understanding, however, 
that same ESA officials have concluded that solar arrays could be used for 
this mission. Please provide a documented, written, formal response from ESA 
as to the feasibility of the use of soloar generators instead of plutonium. 
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2. Table 4-2, page 4-7, mission segment WEJGA (Venus-Venus-Earth-Jupiter- 
Gravity-Assist, planned trajectory for the primary launch opportunity in 
October/November 1997). The table contains no value for the nurHimw. indiv- 
idual dose from the Radioisotope Thermoelectric Generators (RTGs) beca use 
this information is not yet available. Yet the RTGs contain most of the 
plutonium on Cassini and are the biggest source of potential radiological 
risk. Furthermore, as the table indicates, this mission segment is the 
one with the potential for contaminating the largest land area. The 
inclusion of individual dose data could have a significant effect on the 
mission risks shown in this table. And these increased risks would probably 
affect more people as the area of contamination is greater. 

3. Table 4-2, fourth column. Maximum Individual Dose, rem. The wor ding of 
this heading appears to be subjective rather than scientific, that is, to 
assure rather than to examine. A quick read would lead one to believe that 
the values given are the m axiimmi doses possible, but the footnote indicates 
that these values are really the mean Mtin atja of the »«»*<—. indivi dual 
doses. These may be the most likely estimates statistically, but they are 
less than the possible individual doses at other distribution points. In- 
deed, table 6-5 of Reference 3 shows a combined overall mission do se at the 
99 percentile as 2.4 x 10® (or just 2.4), compared to the 1.1 x 10° (just 1.1) 
dose shown in the SEIS, about twice as much. 

4. Table 4-2, fifth column. Land Area Contaminated. This data appears to 
continue with the same intent as above, to assure rather than to present 
objectively. The values shown here are the estimated mean values, as indic- 
ated in the colimn heading. Why are the estimated values for the 99* and 99* 
distributions not shown? Table 6-5 in Reference 3 shows a contaminat ed land 
area for the combined overall mission to be 4.8 x ldft (just 4.8) at the 
99th percentile compared with 4.4X10® 1 (0.44) for the SEIS value, about 

10 times more. 

5. Table 4-2, m ea n Mission Risk. The p res e nt ation of this "low" mean 
mission risk would seam to be an oversimplification of the results of this 
analysis to all but statisticians. The mean mission risk shown is merely 

a predicted best guess. The public and decision makers Should be infnrawd 
as to the possible, credible mission risks at the 95 and 99 percent points 
even tincfethaae^ risks may be less likely on a probabalistic basis. To 
Ignore risks at these points will lead many to think they are not possible, 
an implication that serves neither the government or the people. From the 
data given in Refere n ce 3 and the methodology given in table 4-2 (risk 
equals pr ob a b ility times health effects), the overall combined mission risk 
at the 99 percent point would be 4.4xl0~3 (0.0044) ccmoared with the value 
given in the SEIS, 3.2x10-4 (0,00032), about 10 times worse. 

6. Paragraph 4. 1.2.3, page 4-8, and table 4-3, page 4-9, uncertainty. The 
tadb acknowledges the "uncertainty” of the analyses sumnarized in table 4-2 
and tells us that still another statistical tool, an "uncertainty analysis,” 
vas used, the results of uncertainty being given in table 4-3. The text, 
however, provides no explanation of the ramifications of this uncertainty, 
but just states the obvious: that the 95 percent confidence level is two 
orders of magnitude higher than the best estimate, etc. What does this 
uncertainty mean in human terms? Because this mission as currently planned 
involves the largest amount of plutonium ever to be deployed in space and 
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because plutonium is the most toxic substance known to man, the meaning 
of this uncertainty should be stated in clear terms that the layman, be 
he politician, government official, or ordinary citizen, can understand 
and evaluate. Please add such an explanation to the SEIS. 


4-6 

(Continued) 


7. Paragraph 4. 1.2. 4, page 4-9, contingency plan. The text mentions a 
comprehensive radiological contingency plan that "...is being developed." 
This plan "...would ensure that any accident. . .could be met with a well- 
developed and tested response.” The text states that the contingency 
plan is being developed by federal, state, and local organizations. Who 
in my city, Ormond Beach, and my county, Volusia, is participating in the 
formulation of this plan? Who is participating at the state level? When 
will the contingency plan be available and will there be provisions for 
public review and input? We are most curious as to what actions will be 
suggested or mandated for us, our children, our wives, and other residents 
of our area in the event of an accident releasing plutonium dioxide if 
the winds should blow in our direction. Will the contingency plan cover 
only the time frame imnediately after an accident or will it address 
actions in the following weeks and months, etc.? Please include the 
answers to these guest ions a much as is applicable in the SEIS. 


8. Paragraph 4. 1.2.5, page 4—9, and table 4-4, page 4—10, potential clean 
up costs for contaminated land. The table shows the predicted areas of 
contamination at the mean, 95%, and 99% distribution points for accidents 
that might occur in the pre-launch and early launch mission segments. Why 
are no estimates and costs for accidents during the WEJGA segment shown 
in the table? This is the mission s egment that would involve the largest 
area of contamination according to table 4-2. Do the costs that are shown 
the cost of disposal of contaminated materials? What might the 
location of disposal site be and what might be the means of disposal? 


Wfe respect the professionalism and competence of the team planning and 
intended to operate the Cassini mission, but as recent events remind us, the 
unexpected, and catastrophic do sometimes occur. Because of the potential 
ton, from an accident involving airbom plutoniun particles and the long 
half life of plutonium (which I believe to be 24,000 years), we feel that 
this version of the SEIS must be considered flawed. Until the data and explan- 
ations that are missing per the above conments are included in the SEIS, no 
conclusion could be reached as to the estimated risks of Cassini and no 
decision should be made whether to launch as currently planned. We are there- 
fore sending copies of this letter to our local, state, and federal officials. 
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We understand that this letter will be included in the final SEIS and that 
that document will incorporate those conments that are deemed correct and 
applicable. We look forward to the final SEIS and to the contingency plan. 


Anthony Ehrlich 
(address above) 


Harvey^Baker 

538k Magnolia Avenue 

Daytona Beach, FL 32114 


cc: 


President Bill Clinton, Governor Lawton Chiles, Senator Bob Graham, 
Senior Connie Mack, Representative Tillie Fowler, Representative Corrine 


Brown, Representative Evelyn Lynn, Senator Burt Locke, County Councilman 
Stan Rosevear, Mayer Bud Asher, Mayor Dave Hood, Commissioner Jeff BOyle 
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Comment No. 4-1 


For the convenience of the reader the entire Hassan reference, which is a 
technical evaluation of the JPL solar Cassini concept, has been included in the Final SEIS 
as Appendix C. Mr. Hassan is the European Space Agency (ESA) Cassini Project 
Manager. Please also see response to comment 1-1. 

Comment No. 4-2 


The maximum individual doses for an inadvertent reentry during Earth swingby 
are now available and included in this Final Supplemental Environmental Impact 
Statement (SEIS). The effects of individual dose were already included and accounted 
for in the values reported in the Draft SEIS; therefore, there is no need to adjust the 
mission risks. The doses that contributed to maximum individual dose were accounted 
for in the original analysis, but the maximum individual doses were not available at the 
time of the Draft SEIS. 

Comment No. 4-3 


The maximum individual doses are mean values and are presented as the best 
representation of the highest dose that an individual might receive for a given accident 
segment. The estimates are obtained by accumulating the highest doses for each of the 
accident simulations for a mission segment and obtaining the average for that segment. 
The 95% and 99% values are presented to provide an indication of the distribution of 
the mean doses that might be expected if an accident were to occur. In total, this 
information is presented to provide a more complete indication of the potential doses 
that might be received in the event of an accident. All doses are accounted for in the 
risk and health effects estimates. 

Comment No. 4-4 


The 95-th and 99-th percentile land contamination values were included in the 
draft SEIS. See Section 4.1.2.2 of this SEIS. 

The commentor also refers to a difference between the overall mission land 
contamination values reported in Table 4-2 of DSEIS and Table 6-5 of the HNUS 
supporting document. Table 4-2 of the DSEIS is reporting the mean value for the 
overall mission, while Table 6-5 of the HNUS supporting document addresses the 99 th 
percentile values. As one would expect, the 99 th percentile value is larger than the 
mean. 

Comment No. 4-5 


The overall mission risk given in Table 4-2 of the Draft SEIS is the probability 
weighted health effect consequences summed over all mission segments. This measure 
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of potential radiological consequences includes the information contained in all health 
effects probability distributions determined from the individual accident scenarios that 
contribute to each mission segment. Additionally, the Draft SEIS presented information 
on the distributions of health effect consequences by mission segment at the 5-th, 50-th, 
95-th, and 99-th percentile levels to inform decision makers and the public on the 
elements used in the determination of mission segment and overall mission risks. 

The calculation provided in the comment is not correct. It is important to 
understand that the Cassini mission nuclear safety analyses considered a broad range of 
outcomes to minimize the possibility of overlooking possible high radiological 
consequence outcomes even at extremely low probabilities of occurrence. The health 
effects distributions in Table 4-2 provide such information, but they need to be 
interpreted carefully. Except for mean health effects, the values listed under each 
percentile level are upper bound health effects associated with the percentile level. For 
example, the nuclear risk analyses predict less than 0.92 health effects for the overall 
mission at the 99-th percentile level, given the postulated occurrence of a plutonium 
dioxide release as a result of an accident. An alternative interpretation is that given an 
accidental release there is a 1 percent probability of 0.92 or more health effects for the 
Cassini mission. 

The overall mission probability for 0.92 or more worldwide health effects is then 
2.8xl0" 5 (or about 1 in 36,000), which is obtained from the product of the total 
probability of a plutonium dioxide release accident during the mission (2.8xl0‘ 3 ), and 
the conditional probability of observing 0.92 or more health effects as the outcome of 
plutonium dioxide release accidents (l.OxlO* 2 ). The health effects risk includes this 
information, because it is based on all predicted health effect outcomes with 
consideration of their probability of occurrence. 

Comment No. 4-6 


While plutonium is a heavy metal with known chemical toxicity, it is not the 
most toxic substance known. The radiation effects of plutonium would be manifested 
well before chemical toxicity effects. 

In response to the expressed desires of the commentor, the following brief 
explanation of uncertainty is provided: By their nature, consequences for a potential 
accident scenario can vary over a wide range. To reflect this variable nature, the Draft 
and Final SEIS present a range of analytical estimates of potential consequences (e.g., 
'best estimate', 95-th percentile, 99-th percentile). The uncertainty analysis establishes 
bounds which enclose the consequences of potential accidents, to a high level of 
confidence. For a more detailed technical discussion of uncertainty, the commentor is 
referred to the recently available Safety Analysis Reports (LMM&S a-j; EG&G 1997), 
specifically "h" - Supplemental Analyses. These reports have been forwarded to the 
commentor. 
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Comment No. 4-7 


Radiological contingency plans are being developed by NASA/Kennedy Space 
Center (KSC) and USAF/Cape Canaveral Air Station (CCAS) to address specifically the 
initial response that would be required in the unlikely event of an accident affecting the 
launch site. Similar plans already exist at the State and county (Brevard) levels in 
Florida, and are in the process of being updated for the Cassini mission. While Ormond 
Beach and Volusia county have not been specifically represented at planning meetings 
held for purposes of development of contingency plans, planning activities have been 
accomplished in concert with representatives from the State of Florida Division of 
Emergency Management, Office of Radiation Control, and Emergency Management 
and Public Safety representatives from Brevard County. The NASA/ US AF and State of 
Florida plans are also being closely coordinated with the DOE, which maintains its own 
set of emergency response instructions for radiological accidents of many kinds, to 
ensure a coordinated initial response to any accident. Emergency response would be 
coordinated through local government contacts. 

NASA /KSC and the Department of Energy (DOE) are coordinating closely with 
the State of Florida on development of recommended protective actions that could be 
implemented in the unlikely event of a release of radioactive material, both for the 
launch site and the general public in affected areas. Because there is a range of variables 
influencing the outcome of potential accident situations, there is a range of potential 
protective actions. Protective actions for the general public would be announced by the 
State of Florida after consideration of the specific circumstances accompanying any 
accident. 

The NASA /KSC and USAF/CCAS contingency plans currently under 
development deal primarily with the initial response to a radiological contingency, 
although there is some discussion of the concept of operations for longer-term actions 
such as recovery of the radioactive material and facilities. Long-term actions will 
depend on the facts and the circumstances surrounding an accident, and will be 
responsive to such circumstances. 

Comment No. 4-8 


No cost estimates were developed for cleanup of potential land area 
contamination as a result of a WEJGA accident as they would be highly speculative 
because of the many variables involved. Regardless of where any contamination 
occurred, the United States would respond appropriately and assume responsibility for 
cleanup, as needed. 

As stated in Section 4.1.2.5 of both the Draft and Final SEIS, an upper estimate 
was used to illustrate the potential costs associated with removal and disposal in an 
appropriate repository. Should plutonium dioxide contaminated soil removal be 
required, it would be disposed of in an approved radioactive waste site. The selection 
of location and method of disposal or storage would be dependent upon the location of 
the release, quantity of material, level of contamination and Federal regulations. 
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Comment No. 4-9 


The commentor notes the half-life of plutonium as 24,000 years. The half-life of 
Pu-238, which comprises 71 percent of the plutonium dioxide (See Table 2-3 of the June 
1995 EIS; and Section 1.1 of the Draft and Final SEIS) in the RTGs and RHUs, is 87.7 
years. The recently available Safety Analysis Reports (LMM&S a-j; and EG&G 1997) are 
referenced in this Final SEIS. 
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Comment No. 5-1 


For accidents other than the Earth flyby, the quantities of plutonium that would 
be released are small. The flyby is the only accident scenario that has a potential for 
releasing an average fraction estimated at less than eight percent, of the total inventory 
of plutonium dioxide on board the spacecraft. Because of this potential for release, 
NASA has taken extensive steps to reduce the probability of this accident to the point 
that it is not likely to occur, i.e. to a probability of less than one in one-million. If such 
an accident were to occur, the carbon-carbon aeroshells and graphite impact shells are 
designed to limit the release of the plutonium dioxide. If released, most of the material 
would fall in the oceans where, due to the chemical stability of the plutonium dioxide, 
its solubility in the oceans would be very limited. The dominant radiation released 
from plutonium is in the form of alpha particles which can only travel a very short 
distance through the air. In fact, the primary way for an individual to receive an 
exposure from plutonium is to breathe it in. The fraction of material that would be 
inhaled by the population in total, let alone any one individual, is small. 

As the Draft and Final Supplemental Environmental Impact Statement (SEIS) 
indicate, there is a very low probability that an individual could receive high doses. 

Taking the above into consideration, a potential accident during the Cassini flyby 
would not result in "a disaster of global proportions." For additional related 
information see response to comments 2-7 and 6-2. For information related to 
plutonium toxicity, see response to comment 4-6. 

Comment No. 5-2 


The commentor is referring to the 2001 mission alternative discussed in the June 
1995 Cassini EIS (Section 2.3) and in the Draft and Final SEIS. The primary launch 
opportunity alternative would use a Venus-Venus-Venus-Gravity Assist (VWGA) 
trajectory to Saturn. This alternative would need 10.3 years to reach Saturn as opposed 
to the Proposed Action's 6.7 year trajectory. In addition, the 2001 mission alternative 
would lead to reduced opportunities for science investigations and would require 
development and flight testing of a new spacecraft engine. With the primary VWGA 
trajectory, there would be no opportunity for a short-term inadvertent reentry but a 
long-term inadvertent reentry risk would remain. However, with the backup Venus- 
Earth-Earth-Gravity Assist (VEEGA) trajectory for the VWGA primary, both short- and 
long-term inadvertent risks would be present and be approximately the same as 
indicated for the (VEEGA) trajectories of the secondary and backup to the primary 
launch opportunity presented in Section 4.1.2.4 of the Draft and Final SEIS. A more 
detailed discussion of the impacts of the 2001 alternative can be found in Section 2.7 of 
the June 1995 Cassini EIS. Additional details of the reduction in science return can be 
found in Section 2.7.5 of the June 1995 Cassini EIS. 
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Comment No. 5-3 

The recently available Safety Analysis Reports for the Cassini mission (LMM&S 
a-j; and EG&G 1997) are referenced in this Final SEIS. The commentor is referred to 
these Safety Analysis Reports for details of the extensive analyses performed for this 
mission. The Safety Analysis Reports have been forwarded to the commentor. 

Comment No. 5-4 

There is historical experience of many planetary and satellite flybys executed 
with high precision by the JPL Navigation Team over the past three decades. For two of 
these flybys, the Galileo spacecraft swung by the Earth twice for gravity-assist purposes 
before reaching Jupiter. The first Earth swingby occurred at a closest approach altitude 
of 952 km (590 mi), and the second occurred at 304 km (188 mi). Tracking data after 
each of these swingbys showed that the actual trajectory was controlled to an accuracy 
or 8 km (5 mi) for the first swingby, and an accuracy or 1 km (0.6 mi) for the second 
swingby. The Earth swingby altitude for Cassini will be 800 km (496 mi.) or higher, 
depending upon the launch date, and the navigation precision is expected to be slightly 
better than that for Galileo. 

See response to comment 5-3 above. 


E-83 



RESPONSES TO COMMENTS 
Commentor 5: John Robert Lehman 


This page left intentionally blank. 


E-84 



Commentor 6: Marc M. Cohen 


Marc M. Cohem 
4242 POMONA AVENUE 
Palo alto. CA 94306-4337 

May 21, 1997 

Mr. Mark R. Dahl 
Cassini Program 

Office of Space Science (Code SD) 

NASA Headquarters 
Washington, DC 20546-0001 

Dear Mr. Dahl, 

This letter is in response to the NASA invitation for public comment on the Cassini Mission 
Draft Supplemental Environmental Impact Study (DSEIS) . I am deeply concerned about 
some of the assumptions, methods, and conclusions pertaining to the potential release of 
Plutonium 238 into the earth's environment It is a question of simple justice. People 
sitting in offices in Washington and Pasadena propose to take a risk - however small - 
that would have the consequence (according to its own original, "Final" 1995 EIS) of 
giving 2300 people a carcinogenic dose of vaporized Plutonium 238 or (according to the 
"Supplemental" 1997 DSEIS) giving 120 people such a dose who have no say and who 
may never know who they are. The Cassini decisionmakers bear no personal liability for 
the consequences of their decision, should Cassini release plutonium. Victims of 
carcinogenic or toxic releases of Plutonium 238 would have no recourse or due process of 
law to seek compensation from the decisionmakers or NASA. 

I reviewed the three key documents that your Office provides on potential environmental 
impacts from Cassini: 

Office of Space Science, (April, 1997) Draft Supplemental Environmental 
Impact Statement for the Ca ssini Mission. Washington, DC: National 
Aeronautics and Space Administration. 

Haliburton NUS Corporation, (April, 1997) Nuclear Safety Analyses for 
Cassini Mission Environmental Impact Statement Process , HNUs-97-0010, 
Gaithersburg, MD: Haliburton NUS Corporation. 

Solar System Exploration Division, (June, 1995) Final Environmental 
Impact Statement for the Cassini Mission. Washington, DC: National 
Aeronautics and Space Administration. 


OVERALL EVALUATION 

As an overall evaluation of these documents, I was disappointed that none of them 
provided the mathematical models for their findings nor the key assumptions from which 
they derived. The DSEIS states: 

‘The analysis makes wide-scale use of probability distributions. It uses 
best estimate values for certain key parameters, and more comprehensive 
modeling to determine Pu02 particle dispersion, uptake but people and the 
potential for latent cancer fatalities.” [pp. 2-17—2-18, emphasis added]. 


E-85 



Commentor 6: Marc M. Cohen 


I question whether these “best estimates” truly are the “most representative mathematical 
models, parameter values used in the models, and probability distributions to describe 
inherent variability as inputs to the analysis” |p. B- 1, from definition of a “best estimate” I 
I question further whether the authors applied this probability distribution approach in a 
fair, impartial, and consistent manner. 

I found the near total reliance upon probabiistic risk assessment techniques disturbing, 
while the DSEIS neglects completely the empirical data available for the failures involving 
recent NASA planetary probes. Since the early years of this decade, NASA launched four 
planetary probes: Galileo, Mars Observer, Mars Global Surveyor, and Mars Pathfinder. 

Three of the four (all except Mars Pathfinder) suffered mission threatening or mission 
limiting failures - a rate of .75. Galileo suffered a stuck main antenna that would not 
open, imposing severe penalties on data rate and computer performance. Mars Global 
Surveyor suffered a stuck solar array that may yet affect its ability to maneuver into Mars 
orbit Mars Observer suffered a catastrophic failure when undergoing a fuel tank 
pressurization procedure shortly before orbital insertion around Mars, and may have 
impacted upon the Mars surface. Thus the empirical catastrophic failure rate for NASA 
planetary probes in this decade is .25. If Cassini suffered such a pressurization failure in 
preparing for the Earth Fly-by maneuver, it could fail like Mars Observer, lose all 
guidance, and most likely plunge into the Earth's atmosphere. I expected to see the DSEIS 
address the Mars Observer-type scenario, which most closely resembles Cassini's 6-2 

proposed Earth fly-bys. How could the EIS and DSEIS omit such an essential empirical 
data point? 

The DSEIS's probabiistic analysis places the probability of a comparable failure of Cassini 
during an Earth fly-by to be .0000008, less than one in one million. How do the DESIS 
authors explain this enormous discrepancy between the empirical mission data and the 
probabiistic wishful thinking? Have we forgotten NASA's most painful experience with 
probabiistic crystal-gazing: the Challenger Accident? NASA's estimate for catastrophic 
failure was .OdOOl, but the failure occurred on the 25th launch, giving an empirical 
catastrophic failure rate up to that time of .04. The DSEIS brags: ‘The updated analyses 
include the most extensive evaluation of the uncertainties of accident consequences ever 
attempted for a space mission.” What good is all the Monte Carlo simulation in the world if 
the key parameters ignore all the empirical data, and.experimental design assumptions are 
either unavailable or wrong? 

The EIS and DSEIS do not meet the standard for scientific, scholarly publication. No 
respectable scientific or technical journal would allow an author to publish a paper offering 
such precisely defined numerical conclusions without showing how he obtained those 
results - without providing the “most representative mathematical models” promised in the 
definition of a “best estimate.” Several of the key parameters, upon which the most 
important issues turn, rest solely upon undocumented “personal communications;” 
specifically from H. Hassan of ESA to D. Kindt of JPL on the unsuitability of high 
efficiency solar cells to replace the RTGs, [DSEIS p. 2-9] and C.E. Kohlhase to L.E 
DeFillipo (Haliburton, p. 5-7] on the probability distribution for reentry angle and reentry 
latitude. Neither is this reliance upon unsupported personal communications instead of 
documented evidence allowable for scholarly publication. In the absence the DSEIS and 
EIS providing these models, data, and parameters, it is difficult to accept the EIS and 
DSEIS authors' analytical process to produce the probabiistic risk analysis The absence of 
their mathematical and methodological models is particularly difficult to understand in light 
of their claim to have performed "the most extensive evaluation . . . ever attempted.” The 
exclusion of their vaunted probability distributions (ANOVAs or whatever) and tests for 
validity further undermine this report. 
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RISK BENEFIT ANALYSIS 

Instead of the EIS and DSEIS dubious and obfuscating probablistic risk assessment, I 
propose a simple, common sense risk-benefit analysis. There are two occasions for 
catastrophic failure during the Cassini Mission: the launch sequence and the Earth fly-by. 

The benefit of launching the Cassini Mission is to obtain the Science. The risk is to dump 
the Plutonium in the ocean. If NASA does not take the risk of launching: no science. 

The benefit of the Earth fly-by maneuver is to obtain the Science data a few years sooner. 
The risk of failure is to disperse 73 pounds of Plutonium 238 oxide in the atmosphere, 
with fatal cancers that the contractors estimate very conservatively at a "mean" of from 120 
to 2300 people AND No Science return. Avoiding the fly-by maneuver eliminates the 
threat of an accidental reentry at the cost of a few years delay in returning the Science data. 
All the flyby maneuver does is get the Science data faster. 

The Cassini vehicle design is an anamoly in this era of “Faster, Better, Cheaper.” Because 
Cassini is so big and heavy, it pushes conventional launch capabilities beyond their limit, 
and maki ng necessary the complex multiple planetary fly-by trajectory to Saturn. Why has 
NASA not replaced it with a small, inexpensive, reliable New Discoveiy or Millenium class 
mission that would not pose so many difficulties and hazards, and would use more 
advanced instrument and sensor technologies? I hope the answer is not “throwing good 
money after bad.” 


TECHNICAL EVALUATIONS 

I found five areas in which I question the technical approaches of the three EIS reports: 
Plutonium isotope, aerothermodynamic heating, atmospheric transport mechanism, the 
radiobiological health effects, and the solar power option. 


PLUTONIUM ISOTOPE 

The 1995 EIS devotes a great deal of attention to the amount of Pu239 released or 
consumed in nuclear weapons tests before the Test Ban Treaty in 1963, as if to say 
“Nuclear tests released thousands of kilograms of Plutonium, what does another 20 to 30 
Kg of Pu238 isotope matter?” However, the fissionable isotope is Plutonium 239, which 
has a half-life of 22,000 years, and is a relatively weak alpha emitter. The RTG fuel for 
Cassini is a different isotope, Plutonium 238, which is a very strong emitter , corelating to g 5 
its half-life of 88 years. Chemically, their toxic effects as a heavy metal are the same, but 
the radioactive and carcinogenic characteristics may be different However, the 1995 EIS 
does not appear to distinguish sufficiently between the two isotopes, and refers back 
several times to nuclear testing as a source of environmental (fissionable) Plutonium 239, 
which it seems to equate to Plutonium 238. To what degree do the EIS and DSEIS rely 
upon a generalizability of the two isotopes to characterize carcinogenicity? The DSEIS 
does not dear up this situation. 


AEROTHERMODYNAMIC HEATING RATE 

In the event of an Earth atmosphere reentry during a flyby maneuver, the Cassini spacecraft 6 
would enter the atmosphere at 19.4 km/sec for the preferred option of a VVEJGA trajectory 
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|E?a7iburt^ n *Sf mS^SiS ' ‘ k ^ SCC and a ^ VVEJGA reentry at 19.4 tcJsec 
ncpic ■ • • rhaps this uncertainty is not surprising because the neither the EIS 

° f k S m- S teains ,ncluded 311 expert aerothemodynamicist Instead, they relied uoon 
probabhsuc scenarios, using “CFD data” that they do not provS wi^out expeT 
qualifications, in ways that are not clear. expen 

L7ofh?™^ inted 3 u d sur P rised to not find any informed discussion about the 
aerothermodynamic heating rate, which varies as the cube of the velocity. I exDected to 
find a discussion of the Fay-Ridell equation, and associated computations. Fay-Ridell is an 

ahS^nhUS. 0 " f° r C ?T VeCtlve headn § to a 8 enera l stagnation point of a vehicle undergoing 
atmosphenc entry. However, at higher velocity, it may apply less h-'-a u sr of the * 

contnbution from the radiation heating that is not taken into account (the convective heating 
is diminished by the complex nature of the flow which is in non-equilibrium and very likely 
causinga chemical phase change on the surface). The other complication is that the vehicle 7 
would be tumbling, and hence the ’stagnation point* would be rotating - thus lowering the 
energy delivered to a particular point as a function of time. How do the EIS and DSOS 

account for these aerothermodynamic considerations? 

It is not clear from the three reports for which late launch orbital decay reentry velocity 

Hailbui1 1 on ^ e P° rt refers obliquely to the “most severe launch 
^ bu d0CS not st, P ulate Its parameters. All other things being equal, the 

heatmg on a veb * c,c enteriD 8 at flyby gravity asli* rate of 19.4 
km/sec is 5.48 times greater than the heating rate on a vehicle entering at the “maximum” 

^ « * ! ' ^ However,!, i, far morc likely. d«f v^5e3S«r 

a late launch orbital decay failure because it had insufficient velocity of about 7 km/sec - 
not because it achieved maximum velocity, sufficient or nearly sufficient for earth escape 
In this case, the aerothermodynamic heating rate for the flyby reentry is 21.48 times greater 
than for the minimum and more likely launch reentry velocity. Theconsequence - afa^ 
nuige of oblique incident angles - is certain vaporization and release of all the Plutonium 
238 into the atmosphere. Instead of taking a hard look at the aerophysics, the DSEIS 
attempts to answer all questions with its probablistic analysis, without really answering 
most of them. The key question is at what altitude this vaporization and release of 
Plutonium dioxide would occur. Why do the EIS and DSEIS offer no guidance in this 
regard? 


6-6 
I (Continued) 


ATMOSPHERIC TRANSPORT AND PARTICLE SIZE 


The three reports make vague speculations about how the Plutonium 238 would travel from 
[he place in the atmosphere to disperse around the world. Nowhere do the reports cite any 
literature involving modem models of atmospheric transport mechanisms. In the short term 
that altitude of release is key for disperal patterns. Release in the troposphere - up to about 
12.3 km (41, 000 ft) — indicates circulation around the globe in a matter of weeks, in the 
manner of particles from Chernobyl, which were detected worldwide about three weeks 
after that accident. Release at the top of the stratusphere could take up to several years to 
disperse the particles worldwide. However, there is no doubt that even from the top of the 
ozone layer, the Plutonium 238 would eventually come down to Earth. The real issue is 
what sort of probablity distribution of particle densities are likely to occur, based upon the 
altitude and particle size. These distribution densities would contribute in turn to the human 
population's exposure to Plutonium 238. It is not clear from reading the three reports what 
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model of altitude, atmospheric transport, and particle density — if any -- the authors 
employed to obtain their results. 

Perhaps this uncertainty is not surpising, given the absence of an atmospheric scientist 
from the EIS and DSEIS teams. One need only look to the Cretaceous/Tertiary terminater, 
associated with the last mass-extinction of species 65 million years ago marked worldwide 6-7 

by a thin deposited layer of Iridium, to recognize the potential for world-wide distribution (Continued) 
of an element by atmospheric transport mechanism. 

I believe that should the Cassini probe enter the atmosphere on a flyby, at the most likely 
capture angles, it would vaporize entirely. It appears that despite all die probablistic 
models, the EIS and DSEIS fail to take this outcome properly into account 


BIORADIOLOGICAL HEALTH EFFECTS 

The particle size and density relate to inhalation and dose absorption into the human body. 

In this regard, I found it difficult to accept the way in which NASA shrugged off some of 
the public comments in the Appendix of the 1995 EIS. Dorothy Scott Smith wrote to 
NASA, quoting Dr. Helen Caldicott: 

“. . . it [Plutonium] is so toxic that less than one-millionth of a gram (an 
invisible particle) is a carcinogenic dose. 

One pound, if uniformly distributed could hypothetically induce lung cancer 
in every person on earth.” 

The EIS response to Dorothy Scott Smith quibbles about Dr. Caldicott's particle size, 
treating it as a precise value rather than as an approximation or figure of speech. What we 
would expect from Plutonium 238 vaporized in the atmosphere would be a population of 
particles with a distribution of values across a range of sizes. However, neither the EIS 
nor DSEIS apply their proud probablistic distribution techniques in this instance when, 
perhaps, it does not suit them to show a range of particle sizes. Why do the EIS and 
DSEIS fail to discuss the particle population? 

Human health effects constitute the area that ultimately generates the most concern. The 
EIS and DSEIS define the “health effect” of Plutonium exposure very specifically as an 
excess (above normal rate) latent cancer fatality within 50 years after release of the 
Plutonium 238. This approach presents several possible shortcomings, which are not 
surprising, given the absence from the EIS/DSEIS teams of a medical doctor. 

First, the notion of excess latent cancer fatalities is extremely limited: it rules out a range of 
other, and possibly more common health effects of radiation, including possible “prompt” 
effects upon the endocrine system (changes in hormone production), neurological system, 
reproductive system including sterility and birth defects, and other non-fatal effects. Why 
is there no discussion of non-cancer death health effects? 

Second, the EIS and DSEIS ignore the direct toxic affects of Plutonium, a heavy metal that 
is one of the most toxic substances known. Why is there no discussion of Plutonium 
toxicity? 

Third, it omits any discussion of the "quality factor" for the absorbed radiation dosage. 

The problem with giving absorbed dose values in centiSyverts (rems) is that it is not a 
generic measure, and it is incorrect to assume that the radiobiological damage effects from a 
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centiSy ve rt from Plutonium 238 is equal to a centiSyvert of dental x-rays. One important 
difference is that Plutonium 238 keeps emitting radiation for years after a human absorbs it, 
creating a situation in which the body's natural repair mechanism may not be able to keep 
up with the tissue damage from its ionizing particles. Why is there no discussion of 
quality factor for an inhaled or absorbed dose of Plutonium? 


Are the EIS and DSEIS ignoring and downplaying the real health consequences of 
Plutonium exposure because they use a probablistic model that can calculate only one kind 
of hypothetical outcome, the defined “health effect” only as a latent excess cancer fatality? 
Table 4-2 Summary of Radiological Consequences and Mission Risks plays some further 
games with the numbers for the health effects. Distinguishing between the Plutonium 
238 in the RTGs and in the LWRHUs, makes possible the “probability weighting” of these 
two sources separately. Thus, for the mean predicted health effects of a VVEJGA reentry 
the RTGs alone would cause 130 mean “health effects” and the LWRHUs alone would 
cause 13 mean “health effects.” Yet, combined, RTG and LWRHU cause only the 120 
mean “health effects” because of the manipulative probability weighting. However, 
common sense dictates that if the whole Cassini spacecraft must vaporize on reentry, 
probability weighting is meaningless and the two sources are additive, yielding 143 mean 
“health effects.” 


SOLAR POWER ALTERNATIVE 

The 1995 EIS [p. 2-53 —2-58] presents a strawman design fora solar array system that 
might replace the RTGs. This strawman design is the worst possible array configuration 
with the longest moment arm, the greatest need to stiffen the arrays against thermal flux and 
oscillation, and the worst vibratory modes, reminiscent of the arrays that the astronauts 
replaced on the Hubble Space Telescope because they created so many problems. The 
strawman comparison is not honest because it is not a “best estimate” as defined in the 
DSEIS but a contrived worst case that requires substantial added mass to correct (although 
the authors never state how much mass). This artificial worst case has only one purpose, 
to stack the deck by setting up an easy comparison to the RTGs so that the EIS can say they 
looked at solar power and it was so bad everyone can dismiss it from their minds. 

A valid comparison would require an optimized, compact design that did not suffer from 
the obvious structural problems of the EIS strawman. At the same time, the authors fail to 
raise the most obvious operational difficulty for the solar power option: that with the 
unidirectional solar arrays, the spacecraft would need to fly in a solar-inertial orientation 
(pointing toward the sun). Departures from solar-inertial mode would require a 
corresponding increase in batteiy mass to store the power to yield the approximately 800 
watts necessary to sustain the oversized, power guzzling Cassini. Why did the EIS 
overlook so obvious a critique of a mission-limiting aspect of solar power? Did NASA or 
its contractors ever make an honest attempt at designing an optimal solar power alternative 
for Cassini? 


CONCLUSION 

The computed probability of a malfunction causing the spacecraft to reenter the Earth's 
atmosphere may be small, but the negative consequences are obviously great The 
consequences of this failure mode may well outweigh the benefits of success for Cassini. 

1 therefore recommend that the Cassini launch be postponed. This delay would allow 
further consideration and implementation of either of two feasible alternatives which would 
substantially reduce the risk: adoption of the triple Venus flyby VVVGA trajectory in 2001 

Marc M. Cohen 6 Mav 21. 1997 

E-90 


6-8 

(Continued) 


6-9 


6-10 



Commentor 6: Marc M. Cohen 


which does not involve an Earth fly-by or the installation of a solar power supply in lieu of 
the RTGs. I also recommend the development of a much more efficient and powerful 
upper stage booster to reduce or eliminate the need for complex planetary fly-by 
trajectories, so instead we can launch space probes direct to their destinations. 

I support Space Science. I support planetary exploration. I support the Space Program. I 
support NASA. I do not oppose the responsible use of nuclear power systems for deep 
space probes and planetary exploration. However, I cannot support biased research, 
incomplete and inconsistent analysis involving bogus comparisons, and substandard 
documentation. I am also concerned that the poor quality of the EIS and DSEIS will place 
NASA in a poor light should there be a reentry accident and subsequent investigation. 

If a builder submitted an Environmental Impact Report of this quality to support the 
construction of a shopping center or a housing project, it would have no chance of passing 
the scrutiny of a modem municipality due the the absence of the input data, the key 
assumptions, and the methods of analysis. While delaying the Cassini launch would delay 
the receipt of valuable scientific data, I believe the increase in safety, and in the public 
perception of NASA's dedication to safety would be much more valuable. 

Thank-you for your consideration in this matter. 

Sincerely, 


Marc M. Cohen 
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Comment No. 6-1 


Details of these models and parameters are in Volume II, Book 2 and Volume III, 
Book 2 of the recently available Safety Analysis Reports (SARs) prepared for the Cassini 
mission (LMM&S a-j; and EG&G 1997), and have been forwarded to the commentor. 

Comment No. 6-2 


The spacecraft trajectory is specifically designed to avoid Earth's atmosphere 
(J p L 1993b; JPL 1997: see Chapter 8 of the Final SEIS). The trajectory is biased 5000 km 
(3106 miles) or more away from the swingby altitude (not less than 800 km; about 500 
miles) for all but 7 days prior to the swingby. The possibility of an Earth reentry only 
becomes conceivable if an extremely unlikely sequence of events and failures occur. The 
vast majority of potential spacecraft failures do not alter the spacecraft's trajectory. To 
initiate an impact trajectory, a failure would have to cause a change in the spacecraft's 
velocity of exactly the right magnitude and direction. For this reason, it is extremely 
unlikely that a misfire of the Cassini rocket system would result in an inadvertent Earth 
reentry. Another fact to keep in mind is that a number of spacecraft maneuvers will 
have to be successfully conducted just to bring the spacecraft within tens of thousands 
of kilometers of Earth. A maneuver at 7 days before swingby will ensure that the 
spacecraft arrives at the desired point in space for the gravity-assist but does not come 
closer to Earth than 800 km (about 500 miles). 

All relevant failures encountered on previous U.S. planetary missions have been 
accounted for in the analysis and were considered in the design of the spacecraft's 
propulsion system, other spacecraft engineering subsystems, the swingby trajectory, 
and the overall mission design. Much of the Cassini design was driven by an effort to 
minimize the probability of an earth impact. Trajectory biases and flyby distances were 
increased, additional micrometeoroid shielding was added, a number of on-board fault 
protection monitors were incorporated into the design, propulsion subsystem operation 
during the swingby period was constrained to a benign mode, and ground system 
procedures and constraints were modified, all to minimize the probability of Earth 
impact. Flight experience was used in deriving the propulsion, electronic and ground 
system failure rates and common mode and design errors were incorporated. Key 
failure rates of concern are those that cause both a change in velocity or direction, or 
loss of commandability. Even though these failure rates are on the order of several 
percent, the trajectory bias, spacecraft redundancy and on-board fault protection, result 
in Earth impact probabilities of less than one in a million. The Galileo stuck antenna 
and Mars Global Surveyor stuck solar array would not have had any effect on an Earth 
swingby. It should be noted that Galileo successfully performed two Earth swingbys 
and is now gathering science information from Jupiter and its environment. To 
elimmate the threat of a Mars Observer type failure, the Cassini propulsion system was 
modified to enhance control of vapors. In addition, during the swingby phase of the 
mission, the propulsion system will be operated in a benign mode (i.e., a mode in which 
the system is not further pressurized until after the swingby). 
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Comment No. 6-3 


The recently available Safety Analysis Reports (SARs) (LMM&S a-j; EG&G 1997) 
for the Cassini mission are now referenced in this Final Supplemental Environmental 
Impact Statement (SEIS). The Hassan reference is included as Appendix C to this Final 
SEIS. 

Comment No. 6-4 


The Cassini mission was approved in October 1989 and redesigned to reduce 
costs early in 1992. The Cassini mission is a comprehensive study of the Saturnian 
system — the planet, rings, magnetosphere, and the moons, particularly Titan. The 
objectives of this mission could not be accomplished with a smaller spacecraft. 

Comment No. 6-5 


Nowhere in the 1995 Cassini EIS or SEIS does it say or imply as the commentor 
suggests, "what does 20 - 30 kg of Pu-238 isotopes matter?" The primary purpose of 
preparing and issuing the 1995 Cassini EIS and Draft and Final SEIS has been to address 
the potential impact of plutonium dioxide release on the quality of the human 
environment. 

Second, the statement that Pu-238 is a strong emitter of alpha particles and Pu- 
239 is a weak emitter of alpha particles is not a scientific characterization of the 
radioactive decay properties of the two isotopes. As noted previously, Pu-238 has a 
half-life of 87.75 years. Pu-239 has a half-life of approximately 24,400 years. Both are 
alpha particle emitters. The energy of the alpha particles from both are about the same: 
i.e., about 5.5 MeV for Pu-238, and about 5.2 MeV for Pu-239. The statement concerning 
one being a stronger emitter of alphas than the other relates to the half-lives of the two 
isotopes. This means that for the same mass of material, Pu-238 emits 280 times the 
energy per unit time as Pu-239. 

In the comparisons made in the Draft and Final SEIS, the quantities of Pu-239 are 
described in terms of curies. A curie is a unit of activity defined in terms of a specific 
number (3.7xl0 10 ) of disintegrations (decays) per second. The 1995 Cassini EIS provides 
the amount of activity released during the weapons testing program in terms of curies. 
A curie of activity from Pu-239 is equivalent to a curie of activity from Pu-238, and their 
radio-biological health effects are nearly equivalent. 

The amounts of material released from weapons testing and the potential 
releases from Cassini accidents are both expressed in terms of curies; thus a one to one 
comparison between these two releases is appropriate. Three factors affecting the 
primary cancer risks are the level of activity, the energy, and the type of the decay 
particles or photons emitted. When described in terms of curies, the risk presented by a 
curie of Pu-238 and Pu-239 are about the same. This is the comparison that is made in 
the 1995 Cassini EIS. 
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Comment No. 6-6 

A detailed reentry analysis was performed in support of the Cassini safety 
analysis process. That information is described in the Cassini General Purpose Heat 
Source Radioisotope Thermoelectric Generator (GPHS-RTG) Final Safety Analysis 
Report (SAR) in Volume II, Book 1, Section 5 and in Volume II, Book 2, Appendices E 
and F and Volume III, Book 1, Sections 4.3 and 4.4, which are being made available to 
the public. This SAR was only recently available after issuance of the Draft SEIS. 

The analysis differentiates between the orbital and WEJGA (EGA swingby) 
reentry conditions. A team of experts from Lockheed Martin and the John Hopkins 
University Applied Physics Laboratory (JHU-APL) performed the reentry analysis 
contained in the SARs for the Cassini mission. For Earth orbital reentry, the analysis 
uses a later formula by Lees which is functionally similar to the equations developed by 
Fay and Ridell. The use of Lees equation is described in the RTG SAR Volume II, Book 
2 Appendix F (LMM&S c). The SAR contains a detailed discussion of the 
aerothermodynamic heating and computational fluid dynamic (CFD) methodologies 
used to develop the results presented in the Draft and Final SEIS for the EGA reentry 
scenarios. The analysis does take into consideration a full range of the phenomena 
encountered by ablating reentry bodies, including convective and radiative heating plus 
structural analysis which was not mentioned by the commentor. The modeling 
addresses the issue of tumbling. Tumbling is the less severe condition as the heating 
and ablation is distributed over the surface of the reentering body. 

The GPHS-RTGs modules and the Light Weight Radioisotope Heater Units 
(LWRHUs) were designed to withstand reentry from Earth orbit. The carbon-carbon 
composite of the RTG aeroshells and graphite impact shells (GISs) mitigate the effects of 
the EGA accident reentry. The reentry conditions for the WEJGA reentry were 
analyzed using the CFD methodologies with the findings predicting that most of the 
GISs from the RTG modules would remain intact during reentry. 

No RTG module in-air failures were predicted for the Earth orbital reentry 
scenarios. Details of the findings are discussed in the SAR. All potential plutonium 
dioxide releases were taken into consideration in developing the health effects and the 
risks presented in the Draft and Final SEIS. 

The John Hopkins University Applied Physics Laboratory (APL) performed the 
analysis for the LWRHUs. The results of the analysis are reported in Appendix VI of 
the Cassini LWRHU SAR (EG&G 1997) and summarized in Section 7.7 of the same 
document. A significant fraction of the LWRHUs are predicted to release their 
materials depending upon the LWRHU orientation and the WEJGA reentry angle. 

For the RTGs, the 90 degree reentry angle is the most severe. The differences in 
reentry velocities are taken into consideration in the analysis used to develop the results 
presented in the Draft and Final SEIS. The analysis did consider shallow (oblique) 
angles and no RTG module in-air failures are predicted for reentry angles less than 16 
degrees. A discussion of the equation used for altitude of release is contained in the 
RTG SAR Volume III Section 4.4.1 EGA Consequence Analysis Process (LMM&S d). 
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Comment No. 6-7 


The list of preparers and contributors to the Draft and Final SEIS document is not 
meant to indicate the full extent of the expertise involved in the analyses. The models 
used for dispersion and transport were all developed by experts in their field, and were 
applied by the engineers and scientists doing the analyses. The 1995 Cassini EIS and 
Draft and Final SEIS take into account the degree to which vaporization would occur in 
the unlikely event of an Earth swingby accident (see RTG SAR Volume II, Book 1, 
Section 5.4.5, pg. V II 5 - 102, and Table of particle sizes (5.4-8) on pg. V II 5 - 104, 
LMM&S b.) The analyses indicated partial vaporization under certain reentry 
scenarios. Models of atmospheric transport mechanisms were used in estimating the 
dispersion of any plutonium dioxide released during an inadvertent Earth swingby 
reentry (see RTG SAR Volume III, Book 2, Appendices F, G, FI, LMM&S e). High 
altitude releases would result in near-global distribution (see RTG SAR Volume III, 
Book 1, Section 4.4.1.2, pg. VIII 4-38 and Volume III, Book 2, Appendix H, LMM&S e). 

Please also see comments 2-7, 2-8, and 2-9. 

Comment No. 6-8 

The EGA inadvertent reentry analysis predicts a mean release of 3 percent of the 
plutonium dioxide inventory at high altitude, consisting of 1.4 percent as vapor and 1.6 
percent in particulate form characterized as a particle size distribution (see the recently 
available Safety Analysis Reports; specifically Table 5.4-8, of the RTG SAR Volume II, 
Book 1, pg. VII 5-104, LMM&S b). The vapor portion is initially dispersed at high 
altitude. The inhalation of the particulate portion of the release is taken into account 
using particle-size dependent dose conversion factors. Dilution of the high altitude 
vapor release within the atmosphere globally, coupled with the small fraction of the air 
in the atmosphere inhaled by people prior to its removal by deposition on the Earth's 
surface, result in only a small fraction of the release being inhaled. This is estimated to 
be less than 1.3xl0 17 grams inhaled by an individual per gram of plutonium release (See 
the 1995 Cassini EIS, Appendix D, pg. D-25; response to comment 4B). 

Regarding potentially non-fatal health effects, see response to comment 2-12 (d). 
Regarding medical expertise, while the EIS team did not include a medical doctor, the 
team did include members with extensive experience in health physics (expertise 
related to radiation protection and radiation health effects). 

The particle-size dependent internal dose factors for plutonium dioxide used in 
the analysis are based on an internal dosimetry model of the International Commission 
on Radiological Protection (ICRP) documented in ICRP Publication 30 (ICRP 1979). 
These dose factors are widely accepted at the Federal level by the Department of 
Energy, the Environmental Protection Agency, and the Nuclear Regulatory 
Commission (DOE 1988). The internal dose factors for plutonium dioxide incorporate a 
quality factor of 20 which reflects the relative biological effectiveness of alpha radiation 
compared to a quality factor of 1 for x-ray, gamma, and beta radiation. The internal 
dose factors take into account the time integration of doses within the body for a period 
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of 50 years following exposure (termed the "50-year dose commitment period"). In 
addition, the metabolic characteristics (particle size, solubility, respiratory region 
clearance rates, and organ clearance rates) are taken into account. 

Regarding the allegations of 'downplaying the real health consequences of 

plutonium exposure," see response to comment 2-12 (c). 

The combined mean health effects of a WEJGA reentry of 120 health effects for 
the GPHS-RTG and the RHUs represents a probability weighted mean, calculated as 
follows [then rounded]: [(8.0xl0' 7 )(13) + 6.3xl0' 7 (140)] / 8.0xl0- 7 = 120 

The results of 13 health effects for the RHU and 140 health effects for the GPHS- 
RTG can not be simply added. The difference in the total release probabilities of 8. 0x1 O' 7 
for the RHU and 6.7xl0 7 for the GPHS-RTG, reflects the situation that given a WEJGA 
reentry with a probability of 8x1 O' 7 , there is a conditional probability of 1.0 that there 
would be a consequence from the RHU and a conditional probability of (6.3xl0 7 / 
8x1 O' 7 ) = 0.79 that there would be a consequence from the GPHS-RTG. This difference 
in conditional probabilities is associated with the larger number of RHUs (157 
considered in the analysis) compared to the number of GPHS modules (54) that reenter. 

Comment No. 6-9 

The linear design depicted in the DSEIS was based on a flight proven design which 
had been modified and ground tested with Advanced Photovoltaic Solar Array (APSA) 
technology to achieve the highest possible specific performance (lowest weight per 
output power) using existing or near term real technology. The design depicted 
conforms to existing proven designs for large area, high power solar arrays, and has 
been optimized for the factors pertinent to use of solar arrays for spacecraft. 

In the course of solar design studies conducted for the Cassini mission several 
arrangements for the solar arrays were investigated, including designs using circular 
arrays and those using additional linear arms each of shorter length. The purpose of 
these studies was to optimize the array design while accounting for the following: 

• requirements for spacecraft structure stiffness and strength, spacecraft 
instrument fields of view and navigation; 

• minimizing the stowed launch volume, the number of drive motors, and the 
overall complexity of the design; and 

• maximizing the ease (simplicity) of deployability, array packing (solar cells 
per unit area) efficiency, and array specific performance. 

Comment No. 6-10 

The only perceived advantage of the 2001 primary launch opportunity is that the 
Cassini spacecraft would not execute an Earth swingby maneuver, thus alleviating the 
need to address potential environmental impacts that could occur in the unlikely event 
of reentry during an Earth swingby. It should be noted, however, that the 2001 launch 
opportunity employs a Venus-Earth-Earth-Gravity Assist trajectory as a backup. In the 
unlikely event that the spacecraft could become uncommandable any time after 
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injection and before Saturn Orbit Insertion, the probability of a long-term Earth impact 
is estimated to be about 1.7xl0‘ 7 , or about 1 in 5,800,000. For additional details 
regarding the long-term impact scenario, see chapter 4. 1.5.2 of the 1995 Cassini EIS. 

Additional details regarding the 2001 mission are addressed in the Section 4.2, 
third paragraph of this Final SEIS, and Chapter 2 of the 1995 Cassini EIS. 

The 2001 launch opportunity requires substantial spacecraft propulsion system 
design changes, and is minimally acceptable with respect to the science objectives. 

Also, solar power is not a viable alternative to RTGs for the Cassini mission (see 
Section 2.1.4 of the Draft and Final SEIS, and response to comment 1-1). 

Comment No. 6-11 

The environmental and nuclear safety assessments conducted for Cassini are the 
most comprehensive and rigorous studies ever conducted for any space mission. 

Comment No. 6-12 

Copies of the recently available SARs (LMM&S a-j; EG&G 1997) have been 
forwarded to the commentor. 
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May 23, 1997 


Thomas W. Chao 

1555 W. Middle-field Rd., Apt 99 
Mountain View CA 94043 


Mr. Mark R. Dahl 

Cassini Program Office 

Office of Space Science (Code SD) 

NASA Headquarters 

Washington, DC 20546-0001 


According to President Marc Cohen, Architect, National 
Federation of Federal Employees, Local 997, the Cassini 
Investigating Committee nor the General membership meeting 
Wednesday May 21 could reach an agreement on a recommendation for 
action about the Cassini probe which is powered by 73 pounds of 
Plutonium 238. According Mr. Cohen, the general meeting voted 
to inform membership of the above address to send comments on the 
Environmental Impact Studies by 4:30 pm EST May 27, and Mr. Cohen 
apologized for the lateness of this news update. 


Enclosed is e-mail correspondance from myself as a member of 
this Committee, and as a non-expert, layperson, compared to the 
other scientists, who are considered to be experts on this topic. 
1. The first letter talks about natural radioactivity, and the 
measures of radioactivity in Curies and radiation or dosages 
in roentgen equivalents for man (rem) or RADS (ergs). Also 
discussed are certain natural radiactive elements, and then 
Helen Caldicott’s recent book, ’Nuclear Madness’ which talks 
about the problems with radwaste and Plutonium, emphasizing 
how toxic the radioactive Plutonium is. Note that Dr. Caldicott 
argues that a department for radioactive waste disposal should 
be created, and that radioactive wastes should be quantified 
according to biopathway equivalence. Also Dr. Caldicott 
proposes more stringent standards for exposure from 5 rems to 
2 rems for workers handling radioactive materials and wastes, 
as well as establishing epidemiological life-cycle studies 
for these nuclear workers. 


7-1 


2. The second letter to Paul Davis, Chair, Cassini Investigating 
Committee, argues that the longpathway remote sensing, abstract 
experiment is not realistic from the point of view of time- 
wise projected probability. A serious need to delay and 
investigate further on the Cassini probe exists, as was 
delineated by the resolution of the Marin County Board of 
Supervisors, which also declared Marin County to be a ’nuclear 
free zone.’ There is reasonable concern & fear of the 
incineration of Plutonium 238 if there was either a launch 
of Earth fly-by mishap. In light of recent problems with 
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the unmanned remote-sensing space-craft, this is a reasonable 
fear. Questions as to (a) the atmospheric models for transport 
and dispersion or aero thermodynamic effects with respect to 
the orbital decay of the craft, and incineration, as it travels 
through the atmosphere [is a reasonable objection to the 
statistical summary of the EIS draft], (b) the possibility of 
impacting space debris or other objects in its pathway, (c) the 
statistical probability of high-energy particles or 
electromagnetic waves damaging onboard computers(?) , (d) the 
apparent relatively safer alternative 2001 launch which 
eliminates the Earth Gravity Assist (EGA) with a Venus-Venus- 
Venus Gravity Assist (WVGA) [what are the objections to 
the 2001 launch?], (e) a better statement as to the toxicity 
of the Plutonium-238 is in order, (f) the source of the 
Plutonium-238 is Russian, and the risks involved in the 
manufacture, and with nuclear energy need to be emphasized, 
and finally, (f) the mission-risks included in actual costs 
are probably under-exaggerated. 


3. The third letter explains the limits for the remote sensing 
unmanned spacecraft should be the limits of the energy of the 
sun, thermodynamically. In other words, the unmanned craft 
really should be solar powered only. 

4. This letter, again to Marc Cohen, President, NFFE, Local 597 
states that there is concern that NASA public policy making 
could be a part of the reason that the fight for the environment 
is a losing one, as according to the news media. The concern 
for the technology being a useful complement for improving 
the ’quality of life on earth’ is that ’life in space’ be 
enhanced is the criteria for future projects. So, this is 
consistent with the bio-astronomy program currently at NASA 
Ames Research Center . I propose NASA studies in bio-astronomy 
on radiation 4 environment & human health. Perhaps, Dr. 
Caldicott, the Doctors for Social Responsibility, who are 
concerned about the prol iferation of a nuclear environment 
just from the use of nuclear energy, but also with the earlier 
nuclear arms race, should from a PARTNERSHIP with NASA to 
address this nuclear problem within the earth's ecosystem. 

5. This letter , I noted that even though I objected to the 
Plutonium-238 power and request that it be replaced by 
solar cells, that the gravity-assists are probably energy- 
saving in that the acceleration gained by the planetary 
gravitational field could be a savings. Again I request 

a bio-astronomy program with respect to nuclear energy. 

In summary, I am supporting of the Marin County Board of 
Supervisors resolution to delay the Cassini flight until there 
is more investigation on the health dangers of the Plutonium-238 
energy source. I am in favor of replacing the radio-isotope 
thermo— e 1 ect r i c generators (RTGs) with thermonuclear fusion 
powered solar cells. This is consistent with bio— astronomy 


7-2 (a) 

7-2 (b) 
7-2 (c) 

7-2 (d) 

7-2 (e) 
7-2 (f) 
7-2 (g) 

7-3 


7-4' 


E-100 



Commentor 7: Thomas W. Chao 


principals in exploring our solar system. 
Thank you for considering my opinion. 
Sincerely, 

7* 'is? S/zSt' 

Thomas W. Chao 
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| pkdavla, 09:12 AM 3/5/97, HFFB Cassini c*— 


To: pkdavis 

From: Thomas Chao <tchao@mail.arc.nasa.gov> 
Subject: NFFE Cassini Committee 
Cc: mcohen, trivell 
Bcc: 

X-Attachments : 


Paul, 


You have a copy of the final Environmental Impact Statement (EIS) 
for the Cassini mission* I hadn’t read through it/ and the technical 
or statistical analysis is where the controversy is. Over the weekend 
I read through Helen Caldicott’s revised ’Nuclear Madness.’ 

I have the measures that Marc went over with me on the phone from 
earlier. 

radioactivity in Curies (Ci) or milliCuries 

radiation or dosages in roentgen equivalents for man (rem) or RADs 
(ergs) 

The information I have is old/ and is from an earlier Remington’s 
Pharmaceutical, some introductory physics books, the Encyclopaedia 
Britannica, 

and Helen Caldicott, MD. , and Tom R's internet handout. 

According to the old Encyclopaedia Britannica sea level has .02 -.04 
RADs per year of cosmic radiation exposure. At about 5,000 ft this 
increases 

to .04 -.06 RADs per year. According to Caldicott the current health 
standards 

give permissible levels not-to-exceed 170 rems. 

Carbon-14, Potassium-40, Radium have natural radioactivity which is 
quantized in curies, and as to type such as alpha or beta particles or 
gamma rays, and has certain physiological affects. Note the natural 
occurrences 

of radium, thorium and uranium. 

EXTERNAL DOSE DUE TO NATURAL RADIOACTIVITY 


SOURCE 

Ordinary regions 
Active region 

Granite in France 
Houses, Sweden 
Alummina shale 
Monazite alluvial 
Deposits, Brazil 
Monazite sand 
Kerala, India 


DOSE in RADs/year 
.025-. 160 
.180-. 350 

.158-. 220 

Mean .500 Max 1.00 
.37-2.8 
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As Marc pointed out, the Plutonium-238 has a half-life of 87.7 
years, and 

the radioactive by-products have 25,000 years half-life total!!!! 
Caldicott 

has a chapter in her book on Plutonium and has that 'Plutonium is one 
of 

the most carcinogenic substances known So toxic that less than 

one- 

millionth of a gram is a carcinogenic dose. Irradiation of 

mouse and 

hmaster cells by plutonium alpha particles creates chromosomal 
abnormalities 

that appear only after several generations of cell divisions.’ 

According to Caldicott the 1969 industrial fire at a military 

reactor J . , 

site in Rocky Flats, Colorado released forty-four pounds of respirable 

plutonium, and that it was disruptive to the local ecosystem. 

Also at present there is 5 tons of plutonium thinly dispersed over 
the earth from nuclear bom testing, satellite re-entries and orbital 

decay, and effluents , . 

from nuclear testing. The tragedy at the Chernobyl reactor added 1/2 

ton. 


The amended Price Anderson act limits liability in case of a nuclear 
accident to 7.8 billion/accident . The doubling dose for incidence of 
bone marrow cancer is 3.6 rads per lifetime, and is 33-38 rads per 
lifetime for other forms of cancer- 


Caldicott 's book talks about the problem with radioactive wastes. 

The 

difficulty of this is interestingly not different from the 

carcinogenic , , 

compounds of the organic chemistry based technology such as 

However? the radioactive compounds are orders of magnitude more potent 
in that respect. Possibly the strong forces, compared to 

electromagnetic . .. . 

forces or to weak forces, and possibly to gravity, might be the first 

approximation as to strength. 


In Chapter 11, ’Waste Cleanup,’ ’In the 1950’s the United States 
possessed only a few hudred curies of radioactive waste. By 1984, it 
has accumulated 14.7 billion curies stored in interim centers; by the 

2000, experts predict a total of 42 billion curies— overkill for every 
human 
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To: pkdavis 

From: Thomas Chao <tchao0mail . arc . nasa . gov> 

Subject: NFFE Cassini Committee 

Cc: mcohen, trivell 

Bcc: 

X-Attachments : 

Paul, 

You have a copy of the final Environmental Impact Statement (EIS) 
for the Cassini mission. I hadn't read through it, and the technical 
or statistical analysis is where the controversy is. Over the weekend 
I read through Helen Caldicott’s revised ’Nuclear Madness.' 

I have the measures that Marc went over with me on the phone from 
earlier. 

radioactivity in Curies (Ci) or milliCuries 

radiation or dosages in roentgen equivalents for man (rem) or RADs 
(ergs) 

The information I have is old, and is from an earlier Remington's 
Pharmaceutical, some introductory physics books, the Encyclopaedia 
Britannica, 

and Helen Caldicott, MD., and Tom R's internet handout. 

According to the old Encyclopaedia Britannica sea level has .02 -.04 
RADs per year of cosmic radiation exposure. At about 5,000 ft this 
increases 

to .04 -.06 RADs per year. According to Caldicott the current health 
standards 

give permissible levels not-to-exceed 170 rems. 

Carbon-14, Potassium-40, Radium have natural radioactivity which is 
quantized in curies, and as to type such as alpha or beta particles or 
gamma rays, and has certain physiological affects. Note the natural 
occurrences 

of radium, thorium and uranium. 

EXTERNAL DOSE DUE TO NATURAL RADIOACTIVITY 

DOSE in RADs/year 
.025-. 160 
.180-. 350 

.158-. 220 

Mean .500 Max 1.00 
.37-2.8 


SOURCE 

Ordinary regions 
Active region 

Granite in France 
Houses, Sweden 
Alummina shale 
Monazite alluvial 
Deposits, Brazil 
Monazite sand 
Kerala, India 
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on earth. ' 


Note the parallels to Rachel Carson's 'Silent Spring' which I read a 
long time ago. 

The suggestions that Caldicott gives at the end of her book is: 

(in my own words, approx.) 

1. Create a department of radioactive waste dispoal (NASA would be 
ideal 

for this position!) 


2. Radioactive waste must be quantified according to biopathway 


equivalence. 

(I made this 
council) 


suggestion earlier in my paper to the basic research 


3. Establish more stringent exposure standards 'from 5 rems to 2 


for workers handling radioactive materials and waste. ' Establish 
epidemiological studies on these nuclear workers at the 


life-cycle 

level. Open Dept, 
to the public. 


of Energy radiation exposure & releases data 


— Thank you. 
Tom Chao 
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To: pkdavis 

From: Thomas Chao <tchao@mail . arc . nasa.gov> 

Subject: 

Cc: mcohen, trivell 
Bcc: 

X-Attachments : 

Paul Davis, Chair, Cassini Investigating Committee 

Courtesy of Tom Rivell, I got a chance to browse through all the 
various 

Environmental Impact Statement drafts at the Law Library in Building 


Since obviously the staff at Ames are experts on this topic, I’ll 
input 

some of my layperson perception [or misconception] of the problem. 

The distances or (1/r) (1/r) (1/4) are vast [if we can get away with it] 
and the velocity impossibly high (EGA swing-by, 19.4 kilometers/sec). 
And 

the craft is impossibly loaded with fuel & oxidizers. 

You might theoretically consider that it should have an artificial 
ecosystem 

so that it’s more than a missile. Here it has physics remote sensing 
tools and a high gain attenna. Because initially, you would have 
success, 

but eventually this kind of system with probability would eventually 
catch 

up to you on motivation as well as in errors that could conceivably 
meet tragic results. Again, the astrobiology question is posed. [The 
pictures at an 

exhibition of the planets is satisfying only at first????)] 

[’By entropy it wins at first, but then it loses’ ] [Repetition in this 
circumstance is not desired] — Reasonable? At the limits of technology 
anyway. (I must be dreaming) 

Questions : 

1. On the EGA (Earth Gravity-Assist), the analysis of transport and 
dispersion 

of radioactive particles, as was argued by opponents — The question 
as to 

why the incineration of the iridium clad Plutonium-238 would not 
occur, 

and [I might be misreading] why it would descend & impact the earth 
or fall into the ocean [approx 3/4 surface?] . That seems 
improbable without 

computations to support it. {I guess that a missile envelope 
shield 
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| pkdavls, 04:01 PM 5/7/97, No Subject 

for the Plutonium-238 would not help if the 'steering failedf?] } 


2. Other questions are that is there space debris as was pointed out 

atld what is the probability of impacting such? Also, can the debris be 
anticipated at least in near earth orbit. Then can early detection 
systems & steering mechanisms be built to avoid these 
micrometeroids 

or anthropogenic space age debris? 


2a If there is a RTG or other Plutonium-238 sources onboard, then 
is there statistical probability of high-energy particles or 
slsctro* 

magnetic waves damaging onboard computers? Of course as with 
distributors, which have electromagnetic shields, they obviously 
shield the electronics. Then, the same question is posed for 


cosmic 

radiation. 


3. Since the 2001 alternative launch involves a Venus-Venus-Venus 

Assist (VWGA) , then what is the objection to this alternative 
launch? 

4. Since the environmental health is a reasonable issue, then Perhaps, 
delaying until solar cell alternatives can be achieved for this 

^^f an experiment [if not critical to the course of 3 P a £* science] 
would be a reasonable pathway for the space program. Remember the 
bioastronomy problem, with all the concern about nuclear [rad] 

WaSl [ Cosmic radiation as the source of the nuclear energy.] 

5 Perhaps, a clarifying statement on the biopathway toxicity of the 
Plutonium-238 or of its fission byproducts is in order. 

6 The source of the Plutonium-238, and perhaps liability with respect 
to the US initiated international space treaty (?) according to 
animated software. What is the risks occurred m creating this 

PlU conSvably with a breeder reactor (?) [I don't really understand 
this] 

7 Are the risks under-exaggerated? Remember that this venture has to 
' be costed. Whole cost accounting includes sources of the 

plutonium, . K _ 

and then considering the fuel & such, etc., the 

C ° S has r to k be b questioned. Aren't there other problems that could be 
relevant to NASA's bio-astronomy program which might be even mor 
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worthwhile investments? 

— Thank you. 

Tom Chao 


mcohen 

trivell 


2 . 
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To: pkdavis 

From: Thomas Chao <tchao@mail . arc . nasa. gov> 

Subject: NFFE Local 997 Cassini Investigating Committee 

Cc: trivell, mcohen 

Bcc: 

X-Attachments : 


'[The] sun's the reason...' 

The thermodynamic equation for costs/risks/benefits of a manned or 
unmanned spacecraft might be conjectured to take in consideration 
'heterotrophic' and 'autotrophic' considerations, as the heat of sun s 
thermonuclear fusion and C-N-0 cycle is the energy source of the 
earth's ecosystem. Observing the sun f s 11 year cycle or correlating 
solar flares to disturbances of the earth's electrical field is what 
I've read in the news media. Possibly looking at the reversal of the 
Earth’s Southern hemisphere coreolis in the Pacific Ocean, or the El 
Nino, ’ which is observed by the height and temperature of the Ocean 
surface, and brings rains and drought to the continents, and relating 
highs and lows in atmospheric pressure to phenomena on the sun s 
surface (?) is today's science. 


'Day speaks unto day. Night with night shares it knowledge.’ 

For an abstract space experiment, operating on solar energy might 
make that 

thermodynamic equation go forward, I would guess. 

Thank you. [This is just my own opinion] 


— Tom Chao 
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1 rncoh * n > 10:23 M 5/19/97 , COWgMT S, Caselni Investicratin 

To: mcohen 

From: Thomas Chao <tchao@mail . arc . nasa*gov> 

Subject « COMMENTS, Cassini Investigating Committee Draft 

Cc: pkdavis, trivell 

Bcc: 

X-Attachments : 

Marc, 

the 1 alWayS rSad in the news media that there is a 'losing battle for 
is environment.’ I am concerned that that NASA public policy making 

a part of this problem. As critics have written, the lack of 
concern 

for environment & health problems is not reasonable for nure 
research 

with respect to abstract space science. The benefits/costs/risks 
assessment or the EPA would have to concede that to a layperson 
this is 

an abstract space experiment; and considering the health of 
ecosystem 

life on the planet earth— —The consideration as to environment has 
to weighed over remote sensing phenomenal observation benefits 
derived from the experiment. Note that NASA is a civilian 
organization 

that is under international laws, i.e.. United Nations. There 
should 

not be unnecessary jeopardy. 

2. The limits of any abstract solar system exploration are the limits 
of the thermonuclear fusion energy release of our sun. This would 

appear to 

myself as an obvious thermodynamic equation of energy conservation. 
I think that thermodynamically, the equation doesn't go forward 
otherwise. 

I could be mistaken on this matter though. Therefore, solar cells 
should be the power source — SUSTAINABILITY. 

3. The 'solar powered sailing' of any abstract unmanned spacecraft 

would be deemed to be ' environmentally-friendly . ' Solar powered 

spacecraft appear to 

be advantagious, naively. However, building more powerful boosters 
to launch instead of taking advantage of the accelerative 
gravity-assists 

from the planets would probably lose some of the energy 
conservation 

for these abstract solar system unmanned spacecraft. Possibly the 

gravi ty— assists or planet swing-bys are some kind of breakthrough 
in 
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orbital mechanics theory. This is my own. guess. 


4. Also the bio-astronomy consideration that NASA Ames has publicized, 
has it 

that life in the solar system or perhaps in the galaxy or universe 
is 

what is important for determining the goals and objects for the 
space 

program. The consideration of life in space is what is to be 
achieved 

or enhanced. The limits of the space program is the limits of life 
in that respect. At this time, improvements in the earth's 
biosphere 

is possibly. NASA should be supporting work in this respect. As 
part of its bio-astronomy program, NASA needs to disseminate 
information 

to the public on the problems of radiation. This is a part of the 
bio-astronomy problem, and the natural radio-isotope environment in 
the ecosystem, as well as radiation encountered in 
aerothermodynamic 

flight, as well as space flight needs to be addressed as part of 
NASA 

program along with problems with anthropogenic sources of 
radiation— NASA BIO-ASTRONOMY STUDIES ON RADIATION & 

ENVIRONMENTAL AND HUMAN HEALTH. 


5. Another problem to be addressed by the bio-astronomy program should 

be _ 

the problem of radwastes (NUCLEAR WASTES) . The recent protests of 
•activists' concerning the secret transport of nuclear fuels from 

Japan to Cherbourg, France, or England (reprocessing plutonium) , 

and use of 

reactors for nuclear weapons (Plutonium or tritium) are of concern 

alS ?he problems at Three Mile Island, and the tragedy at the Chernobyl 
reactor are evidence that the 'FEAR OF' a nuclear accident is a 

very . , , 

REASONABLE one. The environmental health can be improved by 

establishing ... , , 

'nuclear free' zones. In some sense, space should be nuclear 

f ree. ’ , . . 

I guess that this is ironic, as the space program was formed in 

PaC as a response to survival in a nuclear age; and obviously without 

the . , 

protective atmosphere of the earth, near & outerspace is a 

radioactive , _ ....... -._ K 

environment at best. The 'Doctors for Social Responsibility with 
Dr. Helen Caldicott should form a PARTNERSHIP with NASA to address 
this nuclear problem within the earth's ecosystem. 
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Taking this BIO-ASTRONOMY or earth-friendly approach to space 
research 

is the only viable pathway for the space program, as then the 
program will 

be concerned about the QUALITY OF ECOSYSTEM LIFE on the planet 
earth. 


Sincerely, 


Tom Chao 


cc: pkdavis 

trivell 
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r Marc M. Cohen, 03:40 PM 5/19/97, Ra: COWBNTS, Cassini Investlg 

To: "Marc M. Cohen" <mcohent a mail . arc . nasa . gov> 

From: Thomas Chao <tchao@mail . arc . nasa . gov> 

Subject: Re: COMMENTS, Cassini Investigating Committee Draft 

Cc: pkdavis, triveil 

Bcc: 

X-Attachments : 


Marc Cohen, President, NFFE Local 997 

[I could very well have more than a few misconceptions on this 
problem.] However, I think the gravity-assist might be an 
energy-efficient journey for these remote-sensing, unmanned 
spacecraft. [However, I don’t remember whether 
the rocket boosters from earlier were larger.] It s just the 

power^upply I'm concerned about [or the Earth Gravity Assist (EGA) in 
this 

circumstance.] 

Note the uncertainty or statistics involved in the failure analysis 
is that science appears to say that there must be some. In physics, 

were taught the Heisenberg Uncertainty Principle; and this plays in 

nuclear physics. Also ’curved space-time' in both special & general 
relativity seem to have this problem. Also, m parallel, behavioral 
human psychology also allows for errors as a part of learning. So I 
think that problems have to be allowed for in space flight, especial y 
for a sustainable, realistic program. 

The other suggestion was for insertion of a bio-astronomy program 

the study of radiation & problems with nuclear energy so far as the 
health of the ecosystem & humans is concerned. At the same time, the 
radwaste issue has to be addressed as a current international problem, 

and 

also one of physics. 

The manufacturing of this kind of Plutonium-238 is one of the 

nfuirhavi 3 ' Whether it requires a breeder reactor, etc . Then if 
the source if international, then uhat kinds of safety, health 

pertain? at Also, what kinds of international law apply? What happened 
to our 

sense of history? [Space historian?] 

Mostly, I’m in support of the letter. I appreciate the Union 
its^expertise, knowledge, and physical adeptness in the space sciences 
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in considering the Marin County sBoard of Supervisors Resolution 
Thank you. 


Tom Chao 
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>From mcohen@mail.arc.nasa.gov Fri May 23 11:24:06 1997 
Return- Path: <mcohen@mail . arc . nasa .gov> 

Date: Fri, 23 May 1997 11:24:00 -0700 ( PDT) 

To: Recipient. List. Suppressed: ; 

From: "Marc M. Cohen" <mcohen@mail . arc. nasa. gov> 

Subject: Cassini Committee Outcome 

To the NFFE member, 

Neither the Cassini Investigating Committee nor the General membership 
meeting this week could agree on a recommendation for action about the 
Cassini probe and its 73 pounds of Plutonium 238. 

Instead, the general meeting voted to inform the membership of the 
address 

to send comments on the Environmental Impact Studies by 4:30 EST May 
27 . 

I’m sorry for the lateness of this news update. The EIS is available 
in 

the Ames Law Library on the second floor on Bldg N19, at the end near 
the 

post office. 

The address is: 

Mr. Mark R. Dahl 

Cassini Program Office 

Office of Space Science (Code SD) 

NASA Headquarters 
Washington, DC 20546-0001 

Here are to Web Sites: Cassini Project at JPL and the Stop Cassini 

Action 

group. 

http://www-hpcc.astro.washington.edu/mirrors/ solar/ cassini.htm 
http: //www. animatedsof tware. com/ cassini/ actionpl.htm 

Sorry we were not able to achieve a more specific resolution for the 
concerns that members had brought up to the union. 

Sincerely, 

Marc 

Marc M. Cohen, President 

National Federation of Federal Employees, Local 997 
NASA-Ames Research Center 
Mail Stop 19-13 
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LJfarc M. Con«n, 11:24 A M 5/23/97 , Cawlal Cemltt., w-m, 

Moffett Field, CA 94035-1000 


TEL (415) 604-0068 
FAX (415) 604-0673 
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Comment No. 7-1 

Comment noted. 


Comment No. 7-2(a) 


Please see response to comments 2-9, 2-10, 2-11 and 6-7. 
Copies of the recently available Safety Analysis Reports 
EG&G 1997) have been forwarded to the commentor. 


(SARs) (LMM&S 


a-j; 


Comment No. 7-2(b) 

Please see response to comment 2-18 
Comment No. 7-2(c) 

As part of the failure analyses conducted for the Cassini mission design, various 
spacecraft failure modes were examined for their potential to adversely affect t e 
functionality of the spacecraft and cause a mission failure. The Cassini spacecra 
electronics have been especially selected and/or built and packaged into the spacecraft 
to improve their resistance to and protection against radiation damage during its flight. 
The radiation field emitted by the RTGs and RHU's is also taken into account in this 
design- and-build process for both the spacecraft and spacecraft mstruments 

Refer to the 1995 Cassini Environmental Impact Statement (EIS) Supporting 

Studies Volume III (JPL 1993 b). 


Comment No. 7-2(d) 

Please see response to comment 6-10. 

Comment No. 7-2 (e) 

Please see response to comment 6-8. 

Comment No. 7-2(f) 

All of the Pu-238 used for Cassini is of domestic (U.S.) origin. The Department of 
Energy has prepared separate National Environmental Policy Act (NEPA) and safety 
documentation for each facility involved in the processing of Pu-238. 


Comment No. 7-2(g) 

Only potential cleanup costs are addressed in the Draft and Final SEIS. 
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Comment No. 7-3 

Please see response to comments 1-1, 2-1 and 2-2. 

Comment No. 7-4 

Comment noted. 

Comment No. 7-5 

Comment noted. 
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Victoria Nichols 
2230 53rd Ave 
Vero Beach, FL 32966 
May 22. 1997 


Mark R Dahl, Program Executive, Cassini 

Mission and Payload Development Division, Office of Space Sciences 
Code SD 

NASA Headquarters 
Washington, DC 20546-0001 

RE: Comments to Draft Supplemental Environmental Impact Statement for Cassini Mission 


Mr. Dahl: 

In January 1997, a Delta II rocket exploded at Cape Canaveral, releasing a toxic cloud that spread to 
Vero Beach, Orlando and beyond. This explosion, of what you at NASA promote as a very reliable 
rocket, emphasizes to Florida residents the very real and grave consequences of a launch explosion 
involving deadly plutonium. It is clear from the events in January that no amount of emerg'mcy 
management" could protect anyone from an accident at the Cape involving midear material. The 
County Emergency Management agency was totally unable to adequately inform the citzenry of 
IndianRiver County that there was a toxic cloud of gas in the vramy - m ftc^even th ep~P>«^ ho 
did learn of the situation (and then only by rumor and word of mouth) did not becomeaware of it 
until the gas cloud was already overhead. Many people were exposed without even knowing it 
TelephonTcalls to Emergency Management revealed an extremely casual attitude about the situation 
and? startling lack of information as to the exact nature of the toxins. It is obvious that aamdar 
explosionoftbe Cassini mission or any other mission with a nuclear payload could not be mimaged 
byany definition of the term. The only adequate safety measure would be total evacuation of the 
major portion of central Florida and the coastal areas before launch, 

in November 1996 a foiled Russian Mars 96 spacecraft re-entered Earth’s atmosphere ovw South America 
. • c released as much as 200 grams of toxic aerosol plutonium particles. Again we are made 

in spacecraft. No amount of "science is worth this risk. 

As a citizen who is under immediate threat from NASA's insistence on using unreliable and 
teclmology, I Si on you to cancel the Cassini mission and all future missions involving nuclear materials 


In peace, 
Victoria Nichols 
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Comment No. 8-1 


Launches of radioactive materials from Kennedy Space Center (KSC) or Cape 
Canaveral Air Station (CCAS) require special planning to address the presence of 
radioactive materials and the potential for accidents involving those materials. 
Accordingly, for Cassini, radiological contingency plans are being developed by 
NASA /KSC and USAF/CCAS to address specifically the initial response that would be 
required in the unlikely event of an accident affecting the launch site. Similar plans 
already exist at the State and county (Brevard) levels in Florida, and are in the process 
of being updated for the Cassini mission. Planning activities have been accomplished 
in concert with representatives from the State of Florida Division of Emergency 
Management, Office of Radiation Control, and Emergency Management and Public 
Safety representatives from Brevard County. The NASA/ US AF and State of Florida 
plans are also being closely coordinated with the DOE, which maintains its own set of 
emergency response instructions for radiological accidents of many kinds, to ensure a 
coordinated initial response to any accident. Additionally, NASA /KSC and the 
Department of Energy (DOE) are coordinating closely with the State of Florida on 
development of recommended protective actions that could be implemented in the 
unlikely event of a release of radioactive material, both for the launch site and for the 
general public and affected areas . The plans under development include coordination 
of public affairs information with public media, sophisticated predictive modeling tools 
to assist in the emergency response, and the predeployment of significant resources 
including people and equipment. A tabletop walkthrough and a command post 
exercise are planned prior to the launch, to ensure that the multiple plans being 
developed mesh together to provide a unified response plan to a launch accident with 
the potential to release radioactive materials. 
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Every life is predous. £)/)/' 

Why do we permit people fCCvO 

to make a fortune 
by making, selling and using 
Things that kill, injure and destroy? 

Every life is predous. 

Why is having an adventure or a thrill 

more important than saving 

every predous life from injury or death? 

If it were a disease that was 
doing this destrudion we 
would do everything we could 
to find the cause and eliminate it. 

Why is our convenience 

more important than another's life? 

What kind of role models 
are we for our children? 

Why do we provide other countries 
with weapons that kill, injure and destroy? 
Their opponent’s lives are all predous too. 

If you believe we are all made in Cod's image, 
then why are we killing the divinity in us? 

We pride ourselves on our inventions 
cars, planes, trains, buses, boats 
They all kill and injure. 

Birds were made to fly. 

We were made to walk or run. 

Every life is predous. 

Peace is not made with a gun 
or a bomb or a mine. 

Peace is made with love and forgiveness. 

QiOfHtlJuf' tScOli; *J/ru/A' 
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Thank you for your letter. 



Commentor 10: Jeanne Vicini 
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RESPONSES TO COMMENTS 
Commentor 10: Jeanne Vicini 


Comment No. 10-1 


NASA s and the Department of Energy's extensive analyses of both launch and 
Earth swingby accidents that could potentially result in a release of plutonium dioxide, 
indicate that only a small fraction of the 73 pound inventory is likely to be released. 
The analyses of potential accidents indicate that there are no credible scenarios that 
could result in a complete release of the full inventory on-board the Cassini spacecraft. 
The consequences of potential releases have been provided in the Table 4-2 of the Draft 
and Final Supplemental Environmental Impact Statement (SEIS). 
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RESPONSES TO COMMENTS 
Commentor 1 1 : Margaret N. Spallone 


Comment No. 11-1 

Please see response to comment 2-1. 

Comment No. 11-2 


Please see response to comment 2-2. 

Comment No. 11-3 

Please see response to comment 2-3. 

Comment No. 11-4 

Please see response to comment 2-4. 

Comment No. 11-5 

Please see response to comment 2-5. 

Comment No. 11-6 

The Cassini mission is an international scientific mission for peaceful purposes 
and has no “military goals." The objectives of the mission have been addressed in 
Section 1.2 of the Draft and Final Supplemental Environmental Impact Statement (SEIS), 
with further details provided in Section 1.2 of the 1995 Cassini EIS. Briefly stated, the 
Cassini mission involves a four year tour of the Saturn system to scientifically 
investigate the planet, its rings, satellites and magnetosphere. The commentor has been 
provided with a copy of the 1995 Cassini EIS, and this Final SEIS. 

Comment No. 11-7 

Please see response to comment 2-7. 

Comment No. 11-8 

Please see response to comment 2-18. 

Comment No. 11-9 

Please see response to comment 2-9. 
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RESPONSES TO COMMENTS 
Commentor 1 1 : Margaret N. Spallone 


Comment No. 11-10 

Please see response to comment 2-10. 

Comment No. 11-11 

Please see response to comment 2-11. 

Comment No. 11-12 

NASA makes no claim that there is a low, safe level of plutonium exposure. All 
potential doses were considered in estimating the accident consequences reported in the 
Draft and Final SEIS. 

Comment No. 11-13 

Please see response to comment 2-13. 

Comment No. 11-14 

Please see response to comment 2-14. 

Comment No. 11-15 

Please see response to comment 2-15. 

Comment No. 11-16 

Please see response to comment 2-16. 

Comment No. 11-17 

The Cassini mission sets no precedent. It would be the 25-th mission since 1961 
to be launched with nuclear power sources on board. For additional details, refer to 
Table 2-2 of the 1995 Cassini EIS. 

Comment No. 11-18 

Please see response to comment 2-18. 

Comment No. 11-19 

Please see our response to comment 2-19. 
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RESPONSES TO COMMENTS 
Commentor 1 1: Margaret N. Spallone 

Comment No. 11-20 

NASA has not rejected such studies. The analyses reported in the Draft and 
Final SEIS took into account all potential doses in estimating accident consequences. 
The Draft and Final SEIS report only results without de minimis, i.e. the estimated 
consequences reported account for all potential doses received. 


Comment No. 11-21 

Please see response to comment 2-21. 

Comment No. 11-22 

The psychological impacts to the general population of a potential accident 
involving release of plutonium dioxide are not within the scope of the National 
Environmental Policy Act (NEPA). 

Please also see response to comment 2-22. 

Comment No. 11-23 

Please see response to comment 2-23. 

Comment No. 11-24 

Please see response to comment 2-24. 

Comment No. 11-25 

Please see response to comment 2-8. 

Comment No. 11-26 

Please see response to comment 2-26. 

Comment No. 11-27 

Please see response to comment 2-27. NASA and DOE have no knowledge as to 
whether the Russians have recovered their own radioisotope power source from Mars 

Comment No. 11-28 

Please see response to comment 2-28. 
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RESPONSES TO COMMENTS 
Commentor 1 1 : Margaret N. Spallone 


Comment No. 11-29 

Cassini does not set an example. There is a successful history of the use of 
plutonium dioxide - fueled RTGs onboard U.S. spacecraft as noted in the response to 
comment 13-1. The environmental consequences of the Cassini mission have been 
addressed in the June 1995 Cassini EIS and the Draft and Final SEIS. 

Comment No. 11-30 

Please see response to comment 2-30. 


Comment No. 11-31 

Please see response to comment 2-31. 

Comment No. 11-32 

NASA has included all members of the potentially exposed population in 
estimating the consequences of a potential accident involving the release of plutonium 
dioxide The increased sensitivity of women, fetuses, and infants to low level radiation 
with respect to detrimental effects (fatal cancers, non fatal cancers, and severe 
hereditary effects) has been addressed by ICRP-60. The recently available Safety 
Analysis Reports (SARs) (LMM&S a-j; EG&G 1997), referenced in the Final SEIS used 
the health effects estimator from ICRP-60. The SARs have been forwarded to the 
commentor. See also response to comment 2-12 (c). 
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RESPONSES TO COMMENTS 
Commentor 11: Margaret N. Spallone 

This page left intentionally blank. 
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Commentor 12: Edward D. Ramsberger 
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RESPONSES TO COMMENTS 
Commentor 12: Edward D. Ramsberger 

Thank you for your letter. Request noted. 
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Commentor 13: Florida Southwest Peace Education Coalition 
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I.FL 


Mark R. Dahl 


NASA Headquarters 
Washington, DC 20546-0001 


Dear Mark Dahl, 

Thank you for mailing the safety analysis and the draft 
for the impact statement for the Cassini Mission. 


This launch is a particularly dangerous one with 73 lbs. 
of Plutonium on board. Our organization has opposed 
this launch before the recent crash of the Russian Mars 
96 spacecraft crashed somewhere in Chili or Bolivia. A 
few weeks ago the headlines read. "Space shuttle makes a safe and 
early return." The record for successful missions is not good and 
now NASA plans to put 73 lbs of PIX) 2 . the most dangerous substance 
know to man in space with a potential danger to the whole world. 


13-1 


. ha.« tad tan, redioactire reldtata fro. f.llod spacecraft 
□reading debris around the earth cueing .ho kno»s ho. ..OT cases 
f caacer? I re-mber Transit 1 5BH-3 .her. 2.1 lbs plutooio. 
aporlzed la the ataosphere end spread arooad the «orld, *+■ 

polo 135.5, Coaaos 954 and no. Mars 96. Why risk spr.edlng 73 lbs 
I, caacer catalog plutoalta arouod the tarldl W. have enough cancer 
are on earth already. Mon. of these accidents tas supposed to happen. 

iut they did! 
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Commentor 13: Florida Southwest Peace Education Coalition 


or the trip to Saturn Cassini will circle Venus twice then plunge 
toward earth to gain speed for its 7 year trip to Saturn. It will 
pass within 320 miles of the earths surface. It is this flyby, 
according to NASA risk assessment that carries the greatest potential 

danger because the probe could burn up if it should veer into the 
earths atmosphere. 


The environmental study admits that in a worst case accident 5 
million people could be exposed to radiation and 2,300 could suffer 
health effects as a result. Before the Challenger accident NASA said 
the likelihood of an accident was less than 1 in a million. After 
the accident the estimate was revised to 1 in 76. 


13-3 


Michio Kaku, a nuclear physics professor at the City College of New 
York said, "These numbers are a scientific fraud, I don’t know the 
exact probality of failure, but neither does NASA." 

I do not believe the US should be playing "Russian Roulete" with 
the health of the world. 


Please hold up this launch until solar power for the mission is 
developed. Kaku says NASA's own plans call for a mission that would 
travel out beyond the orbit of Pluto, using only solar power. Is 
enough being done to develope this alternative? Probaly not. 


Peace and Justice, 



Malcolm Chubb 
1312 Whispering Lane 
Venice, FL 34292 
Ph: 941-488-6451 
April 29, 1997 
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RESPONSES TO COMMENTS 
Commentor 13: Florida Southwest Peace Education Coalition 


Comment No. 13-1 

The comment appears to imply that all five of the cited missions /spacecraft 
deposited plutonium into the atmosphere. This is not correct. Of the five spacecra t 
cited in the comment, the Transit BN-3 in 1964, Nimbus B-l in 1968, and Apollo 13 m 
1970 were U.S. spacecraft and carried earlier generations of RTGs. (Cosmos 954 and 
Mars 96 were Russian not U.S. spacecraft, with Cosmos 954 carrying a reactor). 

The three U.S. missions cited were part of the total 24 U.S. missions to date to 
carry RTGs. A complete listing of all U.S. missions to date can be found in the Table 2-2 
of the 1995 Cassini Environmental Impact Statement (EIS). Of these three missions, two 
involved accidental reentrys (Transit BN-3 and Nimbus B-l; Apollo 13 was not an 
accidental reentry, as is well known through the recent movie of the same title.) The 
early design SNAP-9A RTG on board Transit BN-3 burned up upon reentry as noted in 
the comment. This early type of RTG was designed to bum up under these conditions. 
The two SNAP-19B2 RTGs onboard Nimbus B-l, and the SNAP-27 onboard Apollo 13 
performed as designed, did not burn up, and fell into the ocean intact. The two SNAP- 
29B2 RTGs were recovered, and the SNAP-27 lies at the bottom of the Tonga Trench in 
the Pacific Ocean. Of the total 24 U.S. missions to date, only those three were not 
successfully completed. In each case, the malfunction was neither caused by nor related 

to the presence of RTGs on board. __ 

Cassini carries the current generation RTG design - the General Purpose Heat 
Source. This generation RTG is designed to survive reentry from Earth orbit without 
release of the plutonium dioxide inventory. For additional details regarding RTG 
design, see Section 2.2.4 of the 1995 Cassini EIS. 


Comment No. 13-2 

Please see response to comment 6-2. 


Comment No. 13-3 

The comment cites the results of the preliminary analyses performed for the 1995 
Cassini EIS not the updated analyses upon which the draft and Final Supplemental 
Environmental Impact Statement (SEIS) were based. The "5 million" people exposed to 
radiation, presumably as a result of an Earth swingby accident, was cited m the 1995 
Cassini EIS as 5 billion worldwide receiving some level of radiation exposure. A 
swingby accident of the type analyzed for the Draft and Final SEIS would potential y 
result in exposure of about the same number of people. In this accident scenario, only a 
tiny fraction of the released plutonium would be breathed in or consumed and retained 
by humans. The small amount that would be taken in and retained by people would be 
distributed among approximately 5 billion people. Over a period of 50 years, on the 
average, individuals would take in less than one trillionth of a gram and receive less 
than 1 millirem of radiation. Over the same period of time, individuals would be 
exposed to approximately 15,000 millirem from natural background radiation. 
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RESPONSES TO COMMENTS 
Commentor 13 : Florida Southwest Peace Education Coalition 


. The 2,300 health effects cited by the commentor was the estimate developed for a 
accident - The recently available Safety Analysis Reports (LMM&S a-j; EG&G 
1997) estimated the mean consequences as 120 health effects. 

The overall probability of an accident resulting in a release from the RTGs and 
RHUs is about 2.8x10-3 or about 1 in 360. The probability of an Earth swingby reentry 
accident resulting m a release is less than 1 in a million. 

Please also see response to comment 6-2. 

Comment No. 13-4 


Please see response to comment 1-1. 
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